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1620 Data Processing System, Model 2 



The ibm 1620 Model 2 Data Processing System is an 
electronic computer system designed for scientific and 
technological applications. The use of solid-state cir- 
cuit components and the availability of from 20,000 to 
60,000 positions of core storage provide the 1620 Sys- 
tem with the capacity, reliability, and speed to solve 
problems that in the past have required the use of 
larger and more expensive data processing systems. 

Seven units are available with the ibm 1620 Model 2 
Data Processing System. 

Central Processing Unit 

The ibm 1620 Model 2 Central Processing Unit contains 
the computer circuitry, an operator's panel, and an 
input/output (i/o) typewriter. The operator's panel 
of the 1620 contains control keys, switches, an indi- 
cator panel, and a typewriter. The control keys and 
switches are used for manual or automatic operation 
of the system. The indicators provide visual indication 
of the status of various registers, indicators, and i/o 
units. The typewriter allows operator entry of data 
and instructions into core storage; it also provides a 
permanent log of the operator's intervention during 
the execution of a program. The typewriter prints at 
a maximum speed of 15.5 characters a second. The 
operator's typing speed determines the rate of entry 
of information through the typewriter. 

MODEL 1 SYSTEM 

The 1620 Model 2 Data Processing System is com- 
pletely compatible with the Model 1 system. In almost 
all cases a program that runs on the Model 1 will also 
run on the Model 2. Programming changes will be re- 
quired only where unusual program conditions occur, 
such as where the program has used the timing of 
instructions (for example in a program loop) to syn- 
chronize an i/o function, or where add tables, which 
are not "present in storage in the 1620-2, have been 
modified to change the function of the add instruction. 

This publication describes the operation of the 
Model 2 only. The features of the Model 1 Central 
Processing Unit ( cpu ) are described in the publication 
IBM 1620 Central Processing Unit, Model 1 (Form 
A26-5706). 

Paper Tape Reader and Punch 

Paper tape input/output operations are permitted by 
the ibm 1621 Paper Tape Unit, which also includes the 



paper tape controls and the Tape Punch. The 1621 
reads 8-track paper tape at the rate of 150 characters 
a second ( cps ) . The Tape Punch operates at a rate of 
15 cps. 

Card Read-Punch 

The ibm 1622 Card Read-Punch is available in two 
models for card input/output operations. The 1622 
Model 1 reads 80-column cards at the rate of 250 cards 
per minute (cpm) and punches cards at the rate of 
125 cpm. The 1622 Model 2 reads at the rate of 500 
cpm and punches at the rate of 250 cpm. However, 
throughput for the system is not dependent entirely 
upon reading and punching speeds because both 
models of the 1622 contain, as a basic feature, read 
and punch buffers that permit overlapping of reading 
and punching operations with other input/output op- 
erations and with processing operations. 

Printer 

The ibm 1443 Printer, Models 1 and 2, are available 
for large- volume output printing operations. The print- 
ing speeds for each model depends upon the particular 
character set used with the system. The Model 1 prints 
at the rates of 150, 190, or 430 lines a minute. The 
Model 2 prints at the rates of 240, 300, or 600 lines per 
minute. Both models of the 1443 contain, as a basic 
feature, a print buffer that permits overlapping of 
printing operations with other input/output operations 
and with processing operations. Both models can print 
either 120 or 144 characters on one line. 

Disk Storage 

The 1311 Disk Storage Drive provides virtually un- 
limited random and sequential access storage. A disk 
pack containing 2,000,000 digits of information can be 
removed from the 1311 and another pack put in its 
place in one to two minutes. 

The ease of mobility of a disk pack (the weight of 
the pack is less than ten pounds ) and the simplicity of 
its removal from the drive means that 2,000,000 digits 
of data can be placed in the system within seconds. 
Up to four disk drives, each equipped with one disk 
pack, can be placed "on-line" to make possible the 
availability of a total of 8,000,000 numerical characters 
at one time (equivalent to 100,000 80-column ibm 
cards ) . 
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Disk storage timing depends upon the access time 
required to position the read/write heads over the ap- 
propriate disk storage record, and upon the rotational 
time required for the record to be positioned under a 
read/ write head. 

The average access time which depends upon where 
the data is located in disk storage, may range from 132 
ms to 250 ms. However, the 1620 Data Processing Svs- 
tem has, as a basic feature, the ability to overlap seek, 
input/output and processing operations. The average 
rotational time is 22 ms. 

Core Storage 

Core storage for the 1620 Model 2 is contained in the 
1625 Core Storage Unit. Three models of the 1625 are 
available. The 1625-1, which is a basic unit of the sys- 
tem, contains 20,000 positions of core storage; the 
1625-2 contains 40,000 positions; the 1625-3 contains 
60,000 positions of core storage. Except where other- 
wise specifically noted, this manual is concerned with 
the basic 20,000 position system. 

Plotter 

The ibm 1627 Plotter enables the 1620 Data Processing 
System to illustrate digital data in any desired physical 
form. Two models of the 1627 are available. The 
Model 1 has a plotting area of 11 inches by 120 feet 
and operates at a rate of 18,000 steps/minute. The 
Model 2 has a plotting area of 29M inches by 120 feet 
and operates at a rate of 12,000 steps/minute. In both 
models the pen is moved in increments of 1/100 of 
an inch. 

Special Features 

Three significant special features are available for the 
1620 Model 2; Automatic Floating-Point Operations, 
Index Registers, and Binary Capabilities. 

AUTOMATIC FLOATING-POINT OPERATIONS 

This special feature provides the 1620 with the ability 
to do floating-point arithmetic using floating-point in- 
structions instead of program subroutines. 

The use of automatic floating-point operations can 
result in up to 100 percent increase in the computing 
power of the system depending on the amount of 
floating-point computations required. Also, up to 15 
percent of the basic 1620 core-storage capacity can be 
saved through the elimination of subroutines and call 
sequence instructions associated with programmed 
floating-point operations. 



INDEX REGISTERS 

Index registers offer savings in program steps, core 
storage, and computer processing time. In addition, 
the programming of repetitive calculations or opera- 
tions is greatly simplified. 

An index register allows modification of the P and Q 
addresses of 1620 program instructions without actu- 
ally changing the addresses in the instructions them- 
selves; the address modifications take place in address 
registers. The contents of the index register are alge- 
braically added to the specified addresses during ex- 
ecution of the instruction. 

Fourteen index registers are available with this 
feature. 

BINARY CAPABILITIES 

The Binary Capabilities feature enables the 1620 to 
process binary data for such applications as process 
control, missile and satellite tracking, and weather ob- 
servation. Binary data is collected in octal form; it can 
then be converted to decimal form for computation, 
and then processed for binary, octal, or decimal output. 

Computer Characteristics 

Data and instructions entered into the system are 
placed in core storage as decimal digits. Each position 
of core storage can be addressed individually and can 
store one digit of information by the use of a 6-bit 
Binary-Coded-Decimal (bcd) code. The addressing 
system provides for the selection of any digit, or group 
of digits, in core storage. The 1620 Computer processes 
numeric, alphabetic, and special characters. 

The arithmetic and logic section of the computer is 
directed by the stored program. The computer uses a 
two-address instruction format. Each 12-digit instruc- 
tion includes a 2-digit operation code and two 5-digit 
addresses. Use of the two-address format and auto- 
matic sequential execution of the programmed instruc- 
tions simplifies programming and reduces the number 
of instructions required to solve a problem. The se- 
quence of operations may be altered by branch in- 
structions at any point in the program. Branch instruc- 
tions provide logical decisions through tests performed 
on a system of indicators and switches that can be set 
by the computer or by the operator. 

Addition, subtraction, and division operations are 
accomplished by computer circuitry. Multiplication op- 
erations are accomplished by a table look-up method, 
in which a table located in a specified area of core 
storage is referred to automatically when multiply op- 
erations are being performed. 
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The ibm 1620 is a variable field-length computer. 
The shortest admissible field is two digits ( a field is a 
unit of information composed of related consecutively 
addressed digits ) ; the longest field can be any number 
of digits within the capacity of available core storage 
positions. Not only can data fields be stored in core 
storage in varying sizes, but these same variable fields 
can also serve as factors in all arithmetic operations 
without being edited for size or position. Accuracy of 
results is ensured by automatic validity checking which 
operates when the data enters, exits, or is processed 
inside the system. 



Reference Publications 

Machine reference information for the 1620 Model 2 
Data Processing System is contained in the following 
publications. 

IBM 1620 Central Processing Unit, Model 2 (this 
manual ) 

IBM 1621 Paper Tape Unit (A26-5836) 
IBM 1622 Card Read-Punch (A26-5835) 
IBM 1443 Printer for 1620/1710 Systems 

(A26-5730) 
IBM 1627 Plotter (A26-5710) 

IBM 1311 Disk Storage Drive, Model 3 (A26-5650) 
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1620 Central Processing Unit, Model 2 



The 1620 Central Processing Unit Model 2 contains 
the arithmetic and logic sections of the system. 




Figure 1 . vm 1620 Central Processing Unit, Model 2 



Data Presentation 

Data can be classified as digits, fields, or records, de- 
pending upon the operation in which data is addressed. 

Digits 

BCD Bit Array. Each core storage position is ad- 
dressable and can store one digit of information in 
Binary-Coded-Decimal (bcd) form (C, F, 8, 4, 2, and 
1). The bit positions of each digit consist of four nu- 
meric bits, one flag (F) bit, and one check (C) bit. 



Check Flag 
Bit Bit 



Numerical Bits 



The value of a decimal digit is the sum represented 
by the bits present in the 8, 4, 2, and 1 numeric bit 
positions. Only bit combinations whose sum is nine or 
less are used. A negative numeric expression has a sign 
flag in the units position of its field. Considering only 
the numeric bit positions, the decimal 6 is represented 
by bits in the C, 4, and 2 positions, the decimal 7 by 



bits in the 4, 2, and 1 positions, etc. as shown in 
Figure 2. 

Check Bit (C). Each digit position within the com- 
puter must contain an odd number of coded bits, in- 
cluding a flag bit if there is one, for correct parity. To 
create this odd-bit number, a C bit is automatically 
added, when required, to each digit position as data 
enters core storage. Thereafter during processing, a 
digit position with an even number of bits causes the 
machine to signal a parity error. A C bit alone repre- 
sents a plus zero. 

Flag Bit (F). Depending on its location and the op- 
eration performed, the flag bit is used in five ways: 

1. Sign Control 

A numeric data field is negative if the units 
(rightmost ) digit contains a flag bit, and positive 
if the units digit does not contain a flag bit. For 
example, on the typewriter, minus five is shown 
as 5; plus five is shown as 5. The bcd representa- 
tions for minus and plus five are F-4-1 and C-4-1, 
respectively. 

2. Field Mark 

A flag bit as a field mark defines the leftmost digit 
of a numerical data field. A field is shown as 
XXXX where the dash over the leftmost digit is 
the field mark. 

3. Minus Zero 

The F bit alone represents a minus zero (0). 

4. A flag bit over the units position of an instruction 
address ( P or Q ) indicates an i idirect address. 

5. Index Register Addressing ( speci il feature ) 

Record Mark (=#). The record mark is a nondecimal 
machine digit coded C-8-2. It is used primarily in i/o 



Figure 2. bo> Digits through 9 
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operations and in record transmission within the 1620; 
it cannot be used as a significant digit in an arithmetic 
or compare operation. 

Group Mark (#0- The group mark (coded C-8-4- 
2-1) is used in disk storage operations to verify the 
correct length of records written on or read from disk 
storage. 

Numeric Blank. The numeric blank (coded C-8-4) 
is used for format control of blank columns in card 
punching, and cannot be used in arithmetic or com- 
pare operations. The descriptions of the i/o instruc- 
tions, Read Numerically and Write Numerically, con- 
tain more information regarding the use of the nu- 
meric blank. 



a group mark. Printer records and Plotter records are 
terminated by either a record mark or a group mark. 

A record is entered into core storage, starting at the 
addressed digit and continuing from left to right into 
successively higher-numbered core storage positions, 
until terminated by an end-of-record signal from the 
input unit. The end-of-record signal from paper tape 
causes a record mark to be placed in core storage as 
the rightmost digit of the record. When input is from 
the typewriter, the Record Mark key must be pressed 
to place a record mark in core storage. When input is 
from punched cards, a record mark is placed in core 
storage only when 0, 8, 2 are punched in a card 
column. The effects of group marks in disk storage 
operations are described in more detail later in this 
manual. 



Field 

A field is composed of related digits that are treated 
as a unit of information. The digits of a field are con- 
secutively addressed. A field is addressed by its right- 
most digit which occupies the highest-numbered core 
storage position of the field. Fields are processed from 
right to left into successively lower-numbered core 
storage positions until a digit with a flag bit is sensed. 
The shortest field permitted consists of two digits: the 
addressed digit which may or may not contain a flag 
(negative or positive) and the leftmost digit contain- 
ing the flag bit that denotes end-of -field. 
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Record 

A record consists of a field or fields of related data 
normally grouped for i/o operations and internal data 
transmission. A record is addressed at the leftmost 
digit, which occupies the lowest-numbered core stor- 
age position of the record. Records are processed 
serially from left to right into successively higher- 
numbered core storage positions. 

Paper tape and typewriter output and internal re- 
cord transmission are terminated when either a group 
mark or a record mark is sensed. Card output is termi- 
nated only after 80 columns are transferred to 1622 
buffer storage. Disk storage records are terminated by 



Magnetic Core Storage 

The 1625 is a basic unit of the system. The 1625 Model 
1 contains 20,000 addressable positions of core storage. 
Two additional units are available. The 1625-2 pro- 
vides a core storage capacity for the system of 40,000 
positions and the 1625-3 provides a core storage ca- 
pacity for the system of 60,000 positions, the maximum 
available. 

Data and instructions in core storage are not affected 
by manually turning power on or off if care is taken 
to ensure that the 1620 System is in the manual mode 
before power is turned off. 

Core Array 

A core storage module of 20,000 positions is made up 
of 12 core planes as shown in Figure 3. Each core 
plane contains all cores for a specific bit value. The 
core planes are labeled C, F, 8, 4, 2, and 1. The even- 
address planes are the top six planes and the odd- 
address planes are the bottom six planes. An even 
address has an even number as its units digit while an 
odd address has an odd-numbered units digit. 
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"ON" Cores are shown solid 
black to indicate that, they 
contain a bit. 
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Figure 3. 1620 Core Storage Readout 



The magnetic condition of the cores at any address 
determines which digit is stored at that address. A 
magnetic core is in either the "on" condition or the 
"off" condition. If a bit is present, the core position is 
on; if a bit is not present, the core position is off. 

Two-Character Transfer 

During a core storage readout cycle, which takes 10 
ju.sec, the addressed core in each plane is read out, as 
illustrated by the vertical line in Figure 3. However, 
only cores that are "on" cause data to enter the 2-digit 
mbr (Memory Buffer Register) as bits. 



The function of the mbr is to receive digits leaving 
core storage. The mbr is subdivided into two 1-digit 
registers: MBR-even and MBR-odd (abbreviated as 
mbr-e atid mbr-o ) . From core storage, the even-address 
digits flow through mbr-e, while odd-address digits 
flow through mbr-o. Digits entering core storage are 
handled similarly, through the Memory Inhibit Reg- 
ister ( mir ) , under control of the units position of the 
associated Memory Address Register (mar) address. 
Figure 3 shows the C, 4, and 2 cores are on in the 
even-digit planes. The 4 core is on in the odd-digit 
plane. Thus, mbr-e and mbr-o contain 64. 



Because all 12 core planes are affected, any single 
core storage address affects two adjacent storage posi- 
tions: one with an even-numbered address and one with 
an odd-numbered address. If, for example, address 

00500 ( even ) is addressed and programmed to be read 
out of core storage, the digits at address 00500 and 00501 
are read into mbr-e and mbr-o. If address 00501 ( odd ) 
is addressed, the operation is the same; 00500 and 

00501 are still read into mbr-e and mbr-o. As shown in 
the following illustration, addresses are always pro- 
cessed into mbr in groups of two— "even" and "odd" 
respectively — regardless of which one is actually ad- 
dressed by the program. 
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The selection of the specific digit to be uSed is deter- 
mined by the operation to be performed. 

Sequential Core Storage Addressing 

Core storage positions are addressed sequentially from 
00000 to the highest-numbered address of the core stor- 
age positions installed - 19999, 39999, or 59999. Char- 
acter transfer to, from, and within core storage em- 
bodies the "wrap-around" principle, that is, the highest- 
numbered address is followed by the lowest-numbered 
address when incrementing and the lowest-numbered 
address is followed by the highest-numbered address 
when decrementing. Thus, assuming 20,000 position 
core storage capacity, the incrementing sequence is 
19998, 19999, 00000, 00001, etc.; and the decrementing 
sequence is 00001, 00000, 19999, 19998, etc. 

Character Representation 

The 1620 can be programmed to read and write nu- 
meric and alphameric data. The input/output instruc- 
tion ( numeric or alphameric ) determines whether data 
is read and/or written numerically or alphamerically. 

Numeric Representation 

One decimal digit is required in core storage to repre- 
sent a numeric character. No alphabetic or special 



characters except the record mark, group mark, and 
numeric blank can be represented in the numeric mode. 

Alphameric Representation 

Two decimal digits are required in core storage to rep- 
resent an alphameric character, that is, an alphabetic 
character, a special character, or a numeric character. 
A 2-digit alphameric representation of numeric char- 
acters is included to permit reading of mixed alpha- 
betic, special, and numeric characters without chang- 
ing from an alphameric to a numeric instruction. Fig- 
ure 3 shows the bit configuration for a "U" if the 1620 
is in the alphameric mode. The two alphameric digits 
of a character must occupy adjacent core storage posi- 
tions, and the zone digit must occupy the even address. 
This storage requirement is satisfied by programming 
because alphameric read/write instructions must con- 
tain an odd-numbered P address. Figure 4 shows the 
zone and numeric digits that have been assigned to 
represent the alphameric characters used in the 1620. 
A more detailed character coding chart is contained 
in Appendix C. 
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Figure 4. Alphameric Codes 
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1620 Additional Units 



Additional input/output units are available for the 1620 
Data Processing System. This section of the manual 
provides a brief description of these units and includes 
operating features that are significant to the under- 
standing of the material in this manual. 

More detailed information regarding these units is 
contained in the following publications: 
IBM 1620 Paper Tape Unit (A26-5836) 
IBM 1620 Card Read-Punch (A26-5835) 
IBM 1443 Printer for 1620/1710 Systems ( A26-5730) 
IBM 1311 Disk Storage Drive (A26-5650) 
IBM 1627 Plotter (A26-5710) 



Paper Tape Unit 

The paper-tape reader (Figure 5), reads coded alpha- 
meric characters from 8- track paper tape at the rate 
of 150 characters per second. The characters are photo- 




Figure 5. ibm 1621 Paper Tape Unit 



electrically sensed, converted from 1621 paper tape 
code to 1620 bcd, and placed in core storage. If a parity 
error is sensed, the Read Check indicator is turned on. 
The computer remains in automatic mode and con- 
tinues to read until the end-of -record indication ( a hole 
in the el channel ) is reached. Whether the computer 
stops or continues processing depends upon the setting 
of the i/o Check switch. The end-of-record signal 
causes a record mark to be placed in core storage as the 
rightmost digit of the input record. 

Paper Tape Code 

Data is punched and read as holes in a 1 -inch-wide chad 
paper tape (in chad paper tape the holes are com- 
pletely punched out ) at a density of ten characters to 
the inch. An 8-track paper tape code is used. Seven 
positions, or tracks, across the width of the tape are 
used for coding numeric, alphabetic, and special char- 
acters. One track is used for end-of-line (el) char- 
acters. Figure 6, representing a section of paper tape, 
illustrates the eight tracks and all coded characters. 

The lower four tracks of the tape (excluding the 
feed holes ) are used to record numeric characters in the 
bcd mode. For example, a hole in track 1 represents a 
numeric 1; a hole in track 2 represents a numeric 2; 
a combination of 1 and 2 punches represents a numeric 
3; and so on. 

The X and O tracks are used in combination with the 
numeric tracks to record alphabetic and special char- 
acters in a manner similar to zone punches in ibm cards 
A Read Numerically instruction causes a single X punch 
to read into core storage as a flag bit (negative zero). 

The check track is used to establish correct paritv. 
As a check that every character is recorded correctly, 
each column of the tape is punched with an odd num- 
ber of holes. The el track is not considered in the parity 
check. 

Paper Tape Load Routine 

A paper tape load routine is described in Appendix E, 
Program Load Routines. 

Tape Punch 

The tape punch is housed below the tape reader in the 
ibm 1621 ( Figure 7 ) and punches data from core stor- 
age into paper tape at the rate of 15 characters per 
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Figure 6. Paper Tape Codes 



second. The characters are sent serially from core stor- 
age, starting with the location addressed by an output 
instruction. Each character is translated into an 8- track 
code before being punched. 

When a record mark is sensed during the execution 
of a Write Numerically or Write Alphamerically in- 
struction, an el hole is punched and the operation stops. 
A Dump Numerically command causes punching to 
continue, regardless of record marks, until the highest- 
numbered core storage address of the 20,000 position 
module addressed by the instruction is read and 




Figure 7. Tape Punch Location 
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punched. At this point an el hole is punched and the 
operation stops. If a character with incorrect parity is 
transmitted from core storage and punched, or a valid 
character is incorrectly punched, the tape does not ad- 
vance. Operation is the same regardless of the position 
of the i/o Check switch on the 1620 console. 

Tape Punch Error Procedure. The tape feed does not 
advance. The computer stops; the Automatic and Man- 
ual lights and the Write Interlock and W rite Check 
lights on the 1620 console are turned on. Program 
processing can be resumed with the following "restart" 
procedure: 

1. Position the Punch Feed switch ox. 

a. The feed code is punched over the incorrect 
character. If the instruction is Write Binarv 
paper tape, an el character is also punched 

b. The Write Interlock and Write Check lights 
are turned off, 

c. The machine is returned to manual mode only 

2. Press the Start key on the 1620 console. 

a. The original character from storage is again 
punched. If an incorrect character still persists 
the record may be corrected, if desired, befon 
processing continues. 

b. The computer continues processing. 

If the Tape Punch is used in a 1710 Control System, 
and the i/o Check switch is positioned to program 
the computer can branch to an error-handling routine. 
This routine can record the fact that an error has oc- 
curred and the computer resumes operation with the 
incorrectly punched character in paper tape. 

If the Tape Punch runs out of paper tape, the ma- 
chine stops in automatic mode and the Write Interlock 
light is turned on. Machine operation may be resumed 
by loading a new roll of tape and using the "restart" 
procedure just described. 

When the restart procedure is used to correct the 
incorrect punching of valid character, and the charac- 
ter is again punched incorrectly, the sie key can be 
used to determine the cause of the incorrect punching 
as follows: 



1. Use the sie key to execute one instruction at a time. 

2. When the Write Check light is turned on, observe 
the mbr display to determine if the character is 
valid. 

A transient condition may cause the Write Check 
light (but not the Write Interlock light) to come on 
even though a valid character lias been correctly 
punched. Should this occur, turn on the Punch Feed 
switch briefly to turn off the Write Check light, then 
press the console Start key and proceed with the pro- 
gram. 



Punch 
125 or 250 
cards per minute 



Output Buffer 



Read 
250 or 500 
cards per minute 



Input Buffer 



Card Read-Punch 

The ibm 1622 Card Read-Punch (Figure 8) provides 
punched card input and output for the system. The 
reader and punch feeds are separate and functionally 
independent, with individual switches, lights, checking 
circuits, buffer storage, and instruction codes. Under 
program control, up to 250 cards per minute (cpm) 
can be read and 125 cpm punched in the Model 1; the 
Model 2 reads at 500 cpm and punches at 250 cpm. 
Reading, punching, and processing can occur simul- 
taneously because of individual buffer storage. Buffer 
storage data is transferred in 1.7 ms ( Figure 9 ). A Last 
Card indicator (09) is provided for end-of-job interro- 
gation by the programmer. 



1.7 milliseconds 



'.7 milliseconds 



Core Storage 



Figure 8. ibm 1622 Card Read-Punch 



Kigure 9. 1622 Buffer Storage 



Data Transfer 

For numeric and alphameric input/output instructions, 
data is transferred between 1620 con 1 storage and 1622 
buffer storage in blocks of 80 or 160 digits without 
consideration of record marks. A full 80 columns of 
card data are always transferred. Buffer storage to core 
storage and core storage to buffer storage transfers re- 
quire 1.7 ms whether numeric or alphameric transfers 
are involved. When the highest-numbered core storage 
address of a 20,000-digit module falls within the trans- 
fer, core storage locations in the next highest 20,000 
module are used or a "loop-back" to location 00000 
occurs. 

Card Coding 

Record marks and blank columns are processed in the 
following manner: 

Record Marks (^-). Card columns punched 0-2-8 
are read into core storage as record marks, with either 
a Read Numerically or a Read Alphamerically instruc- 
tion. Record marks are handled as data on both input 
and output and do not end the transfer of data. 

A negative record mark ( 4 ), coded X-8-2, is placed 
in core storage as F-8-2, and punched X-8-2 in an out- 
put card. 

Blank Card Columns. Because blank columns are 
read numerically into core storage as zeros, they can- 



not be punched in the card as blanks with a Write 
Numerically instruction. Therefore, cards especially 
punched 8-4 in all columns must be read into core stor- 
age to be used when blank columns are required in out- 
put cards. The 8-4 punches are stored as C, 8, and 4 bits, 
and are decoded as numeric blanks when transferred 
to output buffer storage. 

By programming, the C, 8, and 4 bits ( format blanks ) 
are read into, or transmitted to, the output area of core 
storage. The output data is then transmitted into this 
80-column record of blanks, leaving only the blanks 
required. The write instruction follows. 

Double Punch Detection 

Double punches are detected only if there is a dupli- 
cation of bcd bits. For example, a nine (8, 1 ) punch and 
an eight ( 8 ) punch in the same column are detected as 
a reader check because of 8-bit duplication. However, 
a six ( 4, 2 ) punch and a one ( 1 ) punch in the same 
column are read without error as a seven ( 4, 2, 1 ) be- 
cause there is no bit duplication. 

BCD Coded Data 

It is possible to read data recorded on ibm cards in 
Binary Coded Decimal form directly into the 1620 
Data Processing System from the 1622 without first 
transforming the data to decimal codes. The bcd codes 
shown in Table 1, are translated without read checks 
or parity checks. However, if the 12 punch is used for 
positive indication, then the 8, 2, 12 combination results 
in a flagged record mark (4=)- AH other bcd card 
punches result in core storage values independent of 
a 12 punch, i.e., 4, 1, 12 gives 5. 



Table 1. Valid Codes with Read Numerically 



Positive 


Numbers 


Negative 


Numbers 


Card 


Core Storage 


Card 


Core Storage 


Punches 


Value 


Punches 


Value 


1 


1 


1, 11 (or X punch) 


T 


2 


2 


2, 11 


2" 


2, 1 


3 


1, 2, 11 


3~ 


4 


4 


4, 11 


4" 


4, 1 


5 


4, 1, 11 


5 


4, 2 


6 


4, 2, 11 


6 


4, 2, 1 


7 


4, 2, 1, 11 


7 


8 


8 


8, 11 


8" 


8, 1 


9 


8, 1, 11 


9" 


8, 2 


* (RM) 


8, 2, 11 


* (RM) 



When a card is read by the 1622, the data is stored 
in the buffer in bcd notation. For example, if a 1 and 8 
are punched in the same column of the card, they are 



stored in the buffer as a 1 and 8, which is the bcd coding 
for a 9. ( Note that a 9 punch also produces a 1 and 8 
code in the buffer. ) Zone punches in the card are also 
converted to the appropriate bcd coding. Thus, an X, 
1, 4 punched in a column is stored as an "N" in bcd. 
bcd buffer codes are shown in Table 2. 



Table 2. Character Coding Chart 



Character 


Card 


Read Buffer 


Blank 


Blank 


C 




12,3,8 


X0821 


) 


12,4,8 


CX084 




11 


X 


$ 


11,3,8 


CX821 


* 


11,4,8 


X84 




0,3,8 


C0821 


'( 


0,4,8 


084 


+ 


12 


XOC 




3,8 


821 




4,8 


C84 


A-l 


12,(1-9) 


XO,(l-9) 


J-R 


11,0-9) 


X,(l-9) 


/ 


0,1 


COl 


S-Z 


0,(2-9) 


0,(2-9) 


0-9(+) 


(0-9) 


(0-9) 


l-9(-) 


11,(1-9) 


X(l-9) 


0(-0) 


11,0 


CX841 


O(-K)) 


12,0 


O 


t 


0,2,8 


028 




11,2,8 


X28 


Num. Blank 


4,8 


C,8,4 




0,7,8 


08421 




12,7,8 


CX08421 



The data transferred to core storage is under control 
of the Read instruction, A Read Numerically instruc- 
tion reads the X, 1, 4 into core storage as a flagged five 
(5). A Read Alphamerically instruction reads the X 
1, 4 into core storage as a fifty-five (55). 

Card Load Routine 

A card load routine is described in Appendix E, Pro- 
gram Load Routines. 



Printer 

The ibm 1443 Printer ( Figure 10 ) is an on-line output 
unit for the 1620 Data Processing System. Standard 
features include a tape-controlled carriage for trans- 
porting continuous paper forms, an interchangeable 
type bar, and buffer storage. 

The easy interchangeability of the type bar enables 
the operator to select type style and character set for 
specific applications. 
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The printer buffer enables the computer to transfer 
core storage data to the buffer and then continue 
processing during the relatively slow printing opera- 
tion. Printing speed is from 150 to 600 lines a minute, 
depending on the 1443 Model and the character set of 
the bar in use. A standard print line consists of 120 
character positions. An additional 24 character posi- 
tions are available as a special feature for each line. 

Printing Operation 

The 1443 type bar can print the standard 1620 char- 
acter set, i.e., each of the 120 or 144 print positions can 
print any one of 48 different characters: 26 alphabetic. 
10 numeric and 12 special characters: 

. ) + $•-/,(= @ 

Horizontal spacing is 10 characters to the inch. Vertical 
spacing of six or eight lines to the inch is manually 
selected by the operator for continuous line printing. 
Selective spacing and skipping between printed lines 
are controlled by the 1620 program. 



Several repetitions of the full character set are lo- 
cated on the type bar. There are 120 or 144 hammer 
magnets and print hammers, each of which has an indi- 
vidual print buffer position. Once the print buffer is 
loaded, individual characters are printed as quicklv 
as they pass in front of the hammer that has the corre- 
sponding character stored in that buffer position. 

Printing Speeds 

The 1443 Model 1 prints from 150 to 430 lines a min- 
ute; the Model 2, from 240 to 600 lines a minute. The 
determining factor for both models is the size of the 
tvpe bar character set: 



CKoroctcr 


Lines Per Minute 


Set 


1443-1 


1443-2 


13 


430 


600 


39 


190 


300 


•52 


150 


240 



• 4 Character* not uwd 




Print Control 

Data to be printed must first be edited and arranged in 
core storage in exactly the format to be printed. The 
appropriate 1620 output instruction can then be exe- 
cuted to transfer the data to the print buffer. The print 
buffer contains 197 positions even though the 1443 
prints only 120 or 144 positions. The Printer Dump 
(PRD-35) instruction transfers a full buffer load of 
data, 197 characters, including group mark and 
record mark (=)=) characters. The Print Numerically 
and Print Alphamerically instructions, however, trans- 
fer a full buffer load only if neither of the forenamed 
characters is detected. The detection of either character 
terminates data transfer and reduces the remaining 
buffer positions to blanks. Neither the terminating 
record mark nor group mark is transferred to the buffer. 

When performing a Print Alphameric operation, a 
group mark or record mark should be placed in posi- 
tion 121 or 145 to prevent possible Printer Checks 
caused by the transfer of the unedited positions (121 
through 197 or 145 through 197 ) to the print buffer. 

The Print Numerically instruction encodes and trans- 
fers single-digit characters. The Print Alphamerically 
instruction changes two-digit characters into single- 
digit characters before transferring them to the buffer. 

Disk Storage 
Data Code Structure 

The ibm 1311 Disk Storage Drive serves as auxiliary 
storage and is under direct control of the 1620 Central 
Processing Unit. Data is written- on the disks or read 
from them by means of program instructions stored 
in the processing unit, in much the same way as in 
other i/o units. 

The 1311 uses the 7-bit, bcd code as do many other 
ibm systems. Encoding and decoding necessary for 
conversion of the 1620 6-bit code and the disk storage 
7-bit code are done automatically. All disk storage read- 
ing and writing operations are done in the numeric 
mode. Data that is in the 2-digit alphameric mode in 
core storage must be written in disk storage in the 
same 2-digit representation. If desired, the numeric 
data in this alphameric code can be converted to 1-digit 
form for transfer to disk storage and then converted 
back into 2-digit form after the data has been read back 
into core storage. The following instructions allow 
these code conversions to be accomplished as part of 
the regular program. 

Transfer Numeric Strip ( alphameric to numeric ) 
Transfer Numeric Fill ( numeric to alphameric ) 
Move Flag (adjustment of field definition) 
Other ibm systems record alphameric data in disk 
storage in a 1-character mode. If alphameric data from 



these systems is to be used at a later time on a 1620 
System it must be translated to the 2-digit alphameric 
representation before being entered into the 1620 
System. 

One additional special character is necessary in disk 
storage operations; The group mark (40- Group mark 
coding in various elements of the 1620 Data Processing 
System with identification of the same symbol in the 
1400 Systems is as follows: 



1620 Core Storage 
1311 Disk Storage 
Paper Tape i/o 
Typewriter i /o 
Card i/o 
1440/1401/1410 



; (Unflagged' 
C 8 4 2 1 
8 4 2 1 
8 4 2 1 

0, 7, 8 
Tape Seg- 
ment Mark 



Flagged) 
F 8 4 2 1 
C X 8 4 
X 8 4 2 1 

12, 7, 8 
Group Mark 



2 1 



Use of the Group Mark is explained under disk storage 

DATA PROTECTION. 

Sector Addresses 

The 5-digit sector address is sequential from 00000- 
19999, 20000-39999, 40000-59999, 60000-79999, or 80000- 
99999 within each disk storage module. 

In the 00000-19999 sequence, sectors 00000-00019 are 
on the outermost track (cylinder 00) of the top re- 
cording surface (read/write head 0), Figure 11. Sec- 
tors 19980-19999 are on the innermost track (cylinder 



Cylinder *00 
Address 000000-000199 




JkfoHono!_Direction v 

Figure 11. Addressing for Cylinder 00 
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99) of the bottom recording surface (read /write head 
9). Using the sector address, the 1620 automatically 
selects the correct drive, cylinder, and read /write head. 

Note: Six-digit sector addresses are provided in the 
1311 Disk Storage Drive, although only five positions 
are required in the 1620/1710 Systems. During all seek- 
ing, reading, or writing operations, the internal cir- 
cuitry of the 1620 Central Processing Unit automatic- 
ally supplies a high-order (zero) to all addresses; no 
additional programming effort is necessary. Through- 
out this publication, sector addresses are referred to 
as consisting of only five digits. 

Instruction Format 

The format for disk storage instructions (Figure 12) 
is the same as for other 1620 operations and consists 
of a 2-digit Op code, a 5-digit P address, and a 5-digit 
Q address. 



Op 



P Address 



P 5 P 6 



Q Address 



Q 7 Q g Q Q,„ Q 



10 1 1 



Address of Disk 
Control Field 



V 

Disk 
Storage 
Code (07) 



Op 
Code 
Modifier 



Disk Control Field 

The disk control field is a 14-digit field that specifies 
the disk address where the data is to be read from or 
written to, the disk storage drive to be used, and the 
number of sectors to be read from or written to ( Figure 
13). The number of positions in core storage reserved 
for the data field must be large enough to contain all the 
data read from the disk. The total length of the area re- 
served for data can be defined by a group mark at the 
end of this field. 



DRIVE 
CODE 


SECTOR ADDRESS 


SECTOR COUNT 


CORE ADDRESS 


X 


X X X X X 


XXX 


X X X X X 



1 



Drive Code 
(l,3,5,or7) 



1 



Sector Address 
00000-19999 
20000-39999 
40000-59999 
60000-79999 
80000-99999 



1 



Core Address 
00000-19999 
00000-39999 
00000-59999 



Sector Count 
001-200 



Figure 13. Disk Control Field 



Figure 12. 1311 Instruction Format 



The functions of the P and Q parts of the instruction 
differ from those of other input/output instructions. 
The P address, instead of being the core storage address 
of the data transferred to or from the i/o unit, is the 
core storage address of the disk control field, which is 
described in the next section. The P address must al- 
ways be an even number. 

The Q part of the instruction must contain 07 in 
Q 8 -Q to identify it as a disk storage operation, and 
must contain a code in Qu to define a particular func- 
tion within the regular Read Numerically or Write 
Numerically operation. The general areas of function 
definition are as follows: 

1. Read or write a specified number of data sectors. 

2. Read or write one full disk track, both data and 
sector addresses. 

3. Read data from disk storage and compare it with 
the data in core storage from which it was written. 

4. In any of the above functions, the Qn code also 
specifies whether or not the correct length of the 
record read or written is checked. 



The sector address contains the disk address of the 
data to be read or written. If more than one sector is 
read or written, the address of the first sector is speci- 
fied. 

The disk address of the data indicates which storage 
drive is to be used by the system for an instruction ( if 
more than one is installed on the system ) . For example: 



ADDRESS BLOCK 

00000-19999 
20000-39999 
40000-59999 
60000-79999 



SELECTS DISK DRIVE 

1 

2 
3 



If the disk addresses on a disk pack do not correspond 
to the number of the disk storage drive on which they 
are located, then the drive code is used. 



DRIVE CODE 



This coding provides the flexibility to operate upon 
any block of disk addresses regardless of which disk 
drive the pack is located on, and when the occasion 
requires, to have more than one disk pack containing 
the same disk addresses on-line at one time. 
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Selection of a particular disk storage drive can be 
made by using the following codes: 



DRIVE CODE SELECTS DISK DRIVE NUMBER 

1 
3 1 

5 2 
7 3 



For example, if address block 20000-39999 is located 
on Disk Drive 3 (instead of Disk Drive 1), the drive 
code in the disk control field would be specified as 7. 

When this flexibility is not required, the drive is 
selected directly from the sector address and a ( zero ) 
is placed in the drive code portion of the Disk Control 
Field. 

The selection of a disk storage drive by either a drive 
code or a sector address is summarized in the chart 
below. 

DRIVE CODE Or ADDRESS RANGE SELECTS DRIVE 



1 00000-19999 

3 20000-39999 1 

5 40000-59999 2 

7 60000-79999 3 



The effect of using an invalid address or drive code, 
or using an address or drive code that specifies a non- 
existent drive, depends upon whether only one drive or 
several drives are attached to the system. (An invalid 
address or drive code is any code not specified in the 
preceding chart. An example of addressing a non- 
existent drive would be addressing a fourth drive oh 
a system when the system contains only three. ) 

Single Disk Drive System. If only one disk storage 
drive is attached to the system, the drive code has no 
significance; the drive is addressed regardless of the 
digit in the drive code or the range into which the 
sector address falls. Also, in a single drive system, the 
range of addresses is not limited to 00000-19999; any 
range of disk storage addresses between 00000-99999 
can be used. 

Multiple Disk Drive Systems. If an address and/or 
drive code used in a read or write operation addresses 
a non-existent disk drive, the computer is interlocked. 
The sctr cyc light ( under the i/o lights ) and the Write 
Interlock light turn on. A seek operation to an invalid 
address or to a non-existent drive does not result in an 
interlocked condition; in this case, an error is detected 
during the following read operation by the address 
compare feature. 



SECTOR ADDRESS 

The sector address identifies the first sector of a disk 
operation. At the beginning of the operation, the sector 
address is transferred to OR-1, which is incremented 
by one as each sector is processed. Thus, at any time 
during a disk operation OR-1 contains an address one 
number higher than the current sector address; how- 
ever, the disk control field in core storage still contains 
the address of the first sector processed. Instructions in 
the track mode are exceptions to the above; none of the 
sector addresses are compared. 

SECTOR COUNT 

This is the number of sectors read or written. At the 
beginning of the operation, the sector count is trans- 
ferred to PR-2, which is decremented by one before 
each sector is processed. The operation is terminated 
when the sector count reaches 000. At any time during 
a disk operation, the number in PR-2 is one less than 
the number of sectors yet to be processed, and the sec- 
tor count in the disk control field has the total number 
of sectors in the operation. 

CORE ADDRESS 

This is the 1620 core location of the leftmost position 
of the data transferred to or from disk storage. The 
core storage address of a disk storage record must be 
an even number. At the beginning of read, write, and 
check disk operations, the core storage address is put 
in OR-2 and incremented by two for each succeeding 
position addressed. The original address remains in 
the disk control field. 

Disk Storage Data Protection 

Two safeguards, controlled by programming, are in- 
corporated into the 1311 Disk Storage Drive to prevent 
incorrect reading and writing of disk storage data. 

READ-ONLY FLAG 

A flag in the high-order ( leftmost ) position of the sec- 
tor address recorded on the disk permits the sector to 
be read only. An attempt to write in the sector (with 
the exception of a write disk track operation) results 
in an address check and termination of the operation. 
The Address Check indicator (36) also turns on. 

WRONG-LENGTH RECORD CHECK 

This function provides a check, in addition to the sec- 
tor count, that ensures the transfer of the correct length 
record and prevents the loss of data through reading 
or writing beyond the intended point. In this respect, 
the wrong-length record check also verifies that the 
correct sector count was entered in the disk control field. 
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To enable a record to be checked for the correct 
length, a group mark must be placed in core storage in 
the position following the end of the record. The data 
transfer is made with a Read, Write, or Check Disk 
instruction, and is modified to verify the length of the 
record by checking the position of the group mark and 
the sector count in PR-2. If the group mark and a sector 
count of 000 do not coincide, the operation terminates 
and the Wrong-Length Record/Read-Back Check in- 
dicator ( 37 ) turns on. 

Programming Operations 

The 1311 Disk Storage instructions consist of four basic 
operations. 

Seek Disk 

Read Disk 

Write Disk 

Check Disk 

The read, write, and check disk operations can be 
varied to operate only upon the data from the disks 
or to utilize both data and the sector address in disk 
storage. 

BASIC OPERATIONS 

Seek Disk. The seek disk operation directs the 
read/ write heads to the proper cylinder on the disk 
pack. It is followed by a read or write instruction. 

The data on the disk records is not acted on by this 
instruction. The seek instruction merely positions the 
access arms over the proper cylinder. The P address 
of this instruction contains the core storage address of 
the disk control field. 

Read Disk. The read disk operation transfers data 
from disk storage to core storage in the processing unit. 

The area in core storage where the data is to be 
placed must be defined prior to the instruction. The P 
address of the instruction contains the core storage 
address of the disk control field. 

Write Disk. The write disk operation transfers data 
from core storage to disk storage. The area in core stor- 
age from where the data is to be transferred must be 
defined prior to the instruction. The P address of the 
instruction contains the core storage address of the disk 
control field. 

Check Disk. A Check Disk instruction should follow 
each Write Disk instruction. The check disk operation 
causes the data written in disk storage to be read and 
compared with the original source data in core storage. 
When the disk data does not compare, bit-by-bit and 
character-by-character, with the data in core storage 
from which it was written, a disk error indicator is set. 



TRACK AND SECTOR MODES 

Read, Write, and Check Disk instructions have two 
"modes" of operation: track mode and sector mode. 

Track Mode. The track mode of operation transfers 
both data and disk sector addresses to and from disk 
storage, one complete track at a time. This mode of 
operation allows sector addresses recorded in disk stor- 
age to be changed. The operation requires that the disk 
control field contain an address of one of the sectors 
within the track. Sector count is set to 020 (twenty 
sectors are transferred). 

Sector Mode. The sector mode is the normal mode 
of operation. Read, write, and check disk operations 
in the sector mode transfer data, but do not transfer 
disk sector addresses. The number of sectors to be 
handled within one operation is designated in the sec- 
tor count portion of the disk control field. A sector is 
transferred only when the sector addresses in disk stor- 
age compare absolutely with those in the disk control 
field. The sector address in OR-1 is automatically in- 
creased by 1 for each sector transferred and thereby 
supports the comparison of successive sector addresses. 
Similarly, the sector count is reduced by 1 for each 
sector transferred, and indicates by a 000 setting that 
the required operation has been completed. 



Plotter 

The ibm 1627 Plotter (Figure 14) converts tabulated 
digital information into graphic form. Bar charts, flow 
charts, organization charts, engineering drawings, and 
maps are among the many graphic forms of data which 
can be plotted. 

The 1626 Plotter Control Unit is the interconnecting 
unit between the 1627 and the 1620 Central Processing 
Unit. The 1626 contains the translating and control 
circuits for the 1627 and serves as a stand for the 1627. 

Operation 

Data from 1620 core storage is transferred serially (by 
digit) to the 1626 where it is translated into 1627 
actuating signals. These signals are then converted into 
drawing movements by the 1627 Plotter. 

The actual recording is produced by incremental 
movement of the pen on the paper surface (y-axis) 
and/or the paper under the pen (x-axis). The pen is 
mounted in a carriage that travels horizontally across 
the paper as viewed from the front of the plotter. The 
vertical plotting motion is achieved by rotation of the 
pin feed drum, which also acts as a platen (Figure 15). 
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Figure 14. ibm 1627 Plotter 



The drum and the pen-carriage are bi-directional; 
i.e., the paper moves forward or backward, and the 
pen moves left or right. Control is also provided to 
lower or raise the pen to or from the paper surface. 
The pen remains in the "up" or "down" position until 
directed to change to the opposite status. 



The drum and pen-carriage movements and the pen 
status are controlled by digits transferred to the 1626 
Plotter Control Unit by a 1620 Output instruction. 
Each digit is decoded into a directional signal and re- 
layed to the 1627 Plotter. 

The plotter operation is controlled by any of the 
following instructions: 

Dump Numerically 

Write Numerically 

Write Alphamerically. 



Chart Poper Supply 




Take-up Spool 



Figure 15. Paper and Pen Motions 



is 



1620 Instructions 



Stored Program Concept 

The 1620 cpu is a stored program computer, that is, it 
stores and executes its instructions internally. The com- 
puter can perform distinct operations such as adding, 
subtracting, multiplying, comparing, branching, and so 
on. It is directed by an instruction placed in core stor- 
age to perform a specific operation. The programmer 
can select the most suitable operations, from the vari- 
ous computer operations available, to solve a problem 
or process data. A group of instructions representing 
the operations to be performed is called a program. 

Once the program is placed in core storage, the com- 
puter can be directed to execute automatically the 
instructions composing the program. Normally, the pro- 
gram is executed in a sequential manner, that is, the 
computer starts with the first instruction and progresses, 
in sequence, through the program, interpreting and ex- 
ecuting each instruction. However, this sequence of 
operations can be altered by the use of instructions that 
may direct the computer to an instruction located some- 
where other than the next sequential position. 



Instruction Characteristics 

The 1620 uses a 12-digit machine language instruction 
divided into three parts : a 2-digit operation ( Op ) code, 
a 5-digit P address, and a 5-digit Q address. An instruc- 
tion as it appears in core storage may be divided into 
O, P, and Q subscripted numbers, as follows: 



oo 


°1 


P2 


P3 


P4 


P5 


P6 


Q 7 


Q8 


Q9 


Q10 


Q n 


. OP 


p 













CODE 


ADDRESS * 


ADDRESS 



In contrast to a data field, which is addressed at its 
rightmost digit and read from right to left, instructions 
are addressed at O , the leftmost digit, and read from 
left to right. 



Op Code 

Upon initiation of an instruction, the operation code 
is placed in a 2-digit Op register and is analyzed to 
determine the operation to be performed. The address 
of an instruction must always be even; that is, the O 
digit of an operation code must be stored in an even- 
numbered address so that the Op register can receive 
the correct digits. 

P Address 

The P address specifies: (1) the location to which data 
is transmitted, (2) the location to which the program 
branches, (3) the location from which data is trans- 
mitted (output instructions), (4) the location of the 
alphameric field in the Transfer Numerical Strip and 
Transfer Numerical Fill instructions, or (5) the ad- 
dress of a control word used in disk storage operations. 

Q Address 

The Q address specifies: (1) the location from which 
data is transmitted, (2) the indicator being interro- 
gated, ( 3 ) the 1/ o unit being used, or ( 4 ) the location 
of the numerical field in the Transfer Numerical Strip 
and Transfer Numerical Fill instructions. Also, instruc- 
tion modifier digits are placed in the Q address for 
these instructions with the same Op code number. 

Instruction Execution Time 

The time required to execute an instruction is divided 
into two parts: the Instruction (I) cycle and the Ex- 
ecution (E) cycle. 

I Cycle. The instruction is read out of core storage 
into instruction registers for decoding. Since most in- 
structions have the same length (12 digits) I time is 
normally the same for all instructions; 60 /xsec. There 
are six 10-^sec cycles in each I cycle. A microsecond — 
abbreviated as "/xsec"— is one millionth of a second. 

E Cycle. The instruction is executed as specified by 
its Op code and P and Q parts. The E cycle, which is the 
actual time required to execute the instruction after 
it has been read into the instruction registers, requires 
a number of lO-^sec cycles that varies with individual 
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instructions, size of data fields, speed of i/o units, etc. 

The formula for computing the total execution time 
follows the description of each instruction. Execution 
times for all instructions are summarized in Appendix 
A. The symbols used in the formulas are defined as 
follows: 

Dp = Number of digits, including high-order 

zeros, in the field of the P address. 
D Q = Number of digits, including high-order 

zeros, in the field at the Q address. 
D Q ' = Number of digits, including high-order 

zeros, in the data field of an immediate 

instruction. 

D z = Number of positions compared, prior to 
the detection of a digit other than zero. 
T = Time, in /xsec unless otherwise noted. 

Additional symbols used only in Load Dividend, Load 
Dividend Immediate, Divide, and Divide Immediate 
instructions are defined under execution time, follow- 
ing the explanation of the individual instruction. 

Immediate Instructions 

Certain arithmetic, internal data transmissions, com- 
pare, and branch instructions are labeled "immediate." 
Immediate instructions use thje digits in the Q positions 
of the instruction as data instead of using them as the 
address of data. 

Thus, the Q data is located immediately within the 
instruction. For example, when the Transmit Field Im- 
mediate instruction, 16 00543 18765, is executed, the 
Q part of the instruction, 18765 is transmitted to the 
P address (Figure 16). Data transfer begins at Qn of 
the instruction, and continues until a flag bit is found 



(Q 7 in this case). If the flag bit was at Q w , 65 would 
be transferred to 00543. The difference between the 
Transmit Field and Transmit Field Immediate instruc- 
tions can best be shown by comparing Figures 16 and 
17. The Transmit Field instruction, Figure 17, trans- 
fers the data at the Q Address to the P addresses. 

Indirect Addressing 

Indirect addressing saves program steps and computer 
time by providing a simplified method of address modi- 
fication. Its primary use is in programs where many 
instructions have the same address and this address^ 
must be modified by the program. Indirect addressing 
may also be used for linking subroutines. 

Description 

Normally, the P or Q address in an instruction is the 
location of the data used during execution of the in- 
struction. An indirect P or Q address, however, is the 
address of a second address instead of the address of 
data. This "second address" is the core storage address 
of the data to be used, except if the second address is 
another indirect address. In effect, the address at the 
indirect address location is a substitute for the address 
of the instruction. 

The data field specified by the indirect address is 
always five digits in length. The upper digit of the 
address does hot require a flag to define the field. More- 
over, its length is always five digits even though flag 
bits exist within the field. 

The P or Q address or an instruction is an indirect 
address when a flag bit is over the units position. Figure 
18 shows that (1) the instruction (21 00500 00650) 
has an indirect P address of 00500, (2) the data at 
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Figure 16. Transmit Field Immediate — Data Flow 
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Figure 17. Transmit Field - Data Flow 



CORE STORAGE 



(2) The data (00780) at the indirect 
address is substituted as the new P 
address in the instruction. 



OP 
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2 1 


07 8 


6 5 









(3) The resultant instruction is executed 
normally with the New P Address. 



( 1 ) Instruction with Indirect P Address 
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Figure 18. Indirect Addressing 



00500 is 00780, which is used as the P address during 
execution of the instruction, and (3) the instruction 
(21 00500 00650) is not altered in core storage; only 
an instruction register in the 1620 is changed. 

The data at the location specified by the indirect ad- 
dress is also an indirect address if a flag bit exists in 
the units position. This chaining effect continues until 
a flag bit does not exist in the units position of the ad- 
dress; this address is then treated as a direct address. 

Any P or Q address of an instruction that specifies 
the location of data can be an indirect address. When 
the P address of an immediate instruction is an indirect 
address, the Q data cannot be more than six digits in 
length because the flag bit over the units position of 
the P address also defines the end of the immediate 
data. 

The Indirect Addressing feature can be turned off 
when programs not using the feature are being pro- 
cessed. Indirect addressing becomes operative auto- 
matically when power is turned on. Indirect address- 
ing can be turned off or turned on by the Branch and 
Select instruction. 



Execution Time 

Each address interpreted as an indirect address re- 
quires three additional 10-/xsec memory cycles. For 
example, ah instruction with two indirect addresses 
requires an additional 60 ^sec. 

EXAMPLES 

The Add instruction, 21 00500 00650, is shown in Fig- 
ure 19 with direct and indirect Q addresses. Line 1 
shows direct addressing; the Q data is obtained from 
the Q address. Line 2 shows the Q address as indirect; 
the Q data is obtained from the address specified by 
the indirect address. Line 3 shows that the address 
specified by the indirect address is also indirect; the 
Q data is obtained from the address specified by the 
second indirect address. 

The data flow diagram for an Add Immediate instruc- 
tion, _11 00500 00650, is shown in Figure 20. The Q 
data 00650, is added to the data at the_address specified 
by the indirect P address. The result 1155078, replaces 
the original P data, 1154428, at 09400. 

A data flow diagram for a Branch instruction is 
shown in Figure 21. The first five digits at that indirect 
address are the address to which the computer branches 
for its next instruction. 
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Instructions 


Data c 
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it Storage Loc 
15 2 2 5 


ations 
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Resultant Modified 
Instruction 


Actual Q 
Address 
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Actual Q 
Data 
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(T)2 I 00500 00650 


15 2 2 5 








065 


15 2 2 5 


©2 1 00500 00650 


15 2 2 5 


12 5 




21 00500 15225 


15 2 2 5 


12 5 


(3)2 1 00500 00650 


15 2 2 5 


12 5 


12 3 4 5 


(a) 21 00500 15225 

(b) 2 1 00500 12500 


12 5 


12 3 4 5 



Figure 19. Examples of Indirect Addressing 
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Figure 20. Indirect Addressing, Add Immediate Instruction 
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new instruction is 
contained in core 
storage locations 
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Figure 21. Indirect Addressing, Branch Instruction 
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Instruction Types 

The description of the instructions are grouped into 
eight categories: 

1. Arithmetic 

2. Logic 

3. Internal Data Transmission 

4. Input/Output 

5. Program Control 

6. Floating Point ( Special Feature ) 

7. Index Registers ( Special Feature ) 

8. Binary Capabilities ( Special Feature ) 

The special features instructions (categories 6, 7, 8) 
are described separately to facilitate the understanding 
of their operation even though the function of these 
instructions could be classified into categories 1 through 
5. All instructions, with their associated operation codes 
and sps mnemonics, are shown in Table 3 in a func- 
tional sequence. The Instruction Summary in Appendix 
A is listed in alphabetic sequence by instruction name. 

Arithmetic Instructions 

Data flow, field length definition, indicator control and 
sign analysis are common to all 1620 Arithmetic in- 
structions, and are therefore explained before the actual 
instruction. 

Data Flow and Field Length Definition 

Data is read serially from right to left until terminated 
by a flag bit defining the leftmost position of the field. 
For example, where the data in a field is 285, the dash 
(flag bit ) over the leftmost digit indicates a field mark. 

The minimum length of both the P and Q fields is 
two digits; a units digit which contains the sign, and 
at least one other digit which is needed for field defini- 
tion. 

Arithmetic Indicators 

Three arithmetic indicators and their associated con- 
sole lights are controlled by arithmetic instructions and 
turned off by the Reset key on the 1620 console. 

High /Positive (H/P). The High /Positive indicator 
is turned on at the beginning of each arithmetic instruc- 
tion and remains on if the result is positive and not zero. 
It is turned off if the result is negative or zero. The "on" 
or "off" status of this indicator is maintained until the 
next arithmetic or compare instruction is executed. It 
is turned off by pressing the Reset key on the console. 



Equal/ Zero (E/Z). The Equal/Zero indicator is 
turned on at the beginning of each arithmetic instruc- 
tion and remains on if the result is zero. It is turned off 
if the result is not zero. The "on" or "off" status of this 
indicator is maintained until the next arithmetic or 
compare instruction is executed. It is turned off by 
pressing the Reset key on the console. 

Arithmetic Check (O'Flow). The arithmetic Check 
indicator is turned on during the execution of add, sub- 
tract, arid compare instructions, if either of the follow- 
ing conditions exists: 

1. The number of digits in the Q data exceeds the 
number of digits in the P data. Only the number 
of digits in the Q data that equal the number of 
digits in the P data are used in developing the 
result. 

2. The result causes a carry beyond the high-order 
position of the initial field at P, and the carry is 
lost. 

This indicator is also turned on during a divide op- 
eration if more than nine successful subtractions occur. 
(Ten or more subtractions indicate the divisor is mis- 
positioned. ) 

The Arithmetic Check indicator is turned off by the 
execution of a Branch Indicator or Branch No Indicator 
instruction, or by manual depression of the Reset key, 
and does not automatically turn on at the beginning of 
each arithmetic instruction. 

Table Look-Up 

A unique method of doing multiplication is used in the 
1620. A multiply table is automatically referred to by 
the computer during multiply operations. The positions 
of core storage containing the table data are address- 
able but must not be altered; altering can cause incor- 
rect operations to result. 

Two hundred positions of core storage, 00100 through 
00299, are assigned to the storage of the Multiply table. 

In addition, 20 positions, 00080 through 00099, are 
used to receive the product or partial product in multi- 
ply operations. 

Sign Analysis 

Addition and Subtraction. The data in the Q field is 
either true-added or complement-added to the data in 
the P field. A true-add operation causes the Q data to 
be added just as it is. A complement-add operation 
causes the Q data to be altered before addition, as fol- 
lows: the units digit is tens-complemented and the re- 
maining higher-order digits are nines-complemented 
(95 becomes 05, 139 becomes 861, 2476 becomes 7524, 



23 



Table 3. 1620 Instructions 



Instructions 


Mnemonic 


Code 


• 

Arithmetic 






Ada 


A 


l\ 


Add (L) 


AM 


1 1 


Subtract 


S 


oo 


Subtract (I) 


SM 


12 


Multiply 


M 


23 


/VlUlriply \l) 


MM 


lo 


Divide 


D 


29 


Divide (I) 


DM 


19 


Load Dividend 


LD 


28 


Load Dividend (I) 


LDM 


18 


Floating Add* 


FADD 


01 


Floating Subtract* 


FSUB 


02 


Floating Multiply* 


FMUL 


03 


Floating Divide* 


FDIV 


09 


Logic 






v-ompare 


r~ 
V_ 


OA 
Z4 


Compare (I) 


C M 


\A 
14 


Branch 


R 
D 


AO 

4y 


Branch on Digit 


Rn 

oU 


A1 
40 


Branch No Nag 


RNF 
DiNr 


AA 
44 


Branch No Record Mark 


BMP 
DINK 




Branch No Group Mark* 




OO 


Branch Indicator 


DT 


40 


Branch No Indicator 


BNI 


47 


Branch and Transmit 


BT 


07 
/.I 


Branch and Transmit (I) 


til M 


17 


Branch and Transmit 


BTFL 


07 


Floating 






Branch Back 


BB 


42 


Branch and Select 


BS 


60 


Branch and Modity 


BX 


61 


Index Register * 






Branch and Modity 


BXM 


AO 


Index Register (I)* 




63 


Branch Conditionally and 


BCX 


Modify Index Register* 




64 


Branch Conditionally and 


BCXM 


Modify Index Register (I)* 






Branch and Load 


BLX 


65 


Index Register* 






Branch and Load 


BLXM 


66 


Index Register (I)* 






Branch and Store 


BSX 


67 


Index Register* 


BBT 




Branch on Bit* 


91 


Branch on Mask* 


BMK 


91 
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Instructions 


Mnemonic 


Code 


Internal Data Transmission 






Transmit Digit 


TD 


25 


Transmit Digit (I) 


TDM 


15 


Transmit Field 


TF 


26 


Transmit Field (I) 


TFM 


16 


Transmit Floating 


TFL 


06 


Transmit Record 


TR 


31 


Transmit Record 


TRNM 


30 


No RM 






Transfer Numerical 


TNS 


72 


Strip 






Transfer Numerical Fill 


TNF 


73 


Floating Shift Right* 


FSR 


08 


Floating Shift Left* 


FSL 


05 


\J K to rieid 


ORF 


oo 


AND to Field* 


ANDF 


93 


Complement Octal 


CPLF 


94 


Field* 






Exclusive OR to 


EORF 




rieia 






Octol to Decimal 


\J 1 U 


OA 
yo 


Conversion * 






Dec i mo 1 to Ocro 1 




97 

7/ 


Conversion* 






^r^ove Address * 


MA 


70 


Input/Output 






Read Numerically 


RN 


OA 

oo 


Write Numerically 


WN 


38 


Dump Numerically 


DN 


35 


Read Alphamerically 


RA 


37 


Write Alphamerically 


WA 


39 


Read Binary Paper 


RBPT 


37 


Tape* 






Write Binary Paper 


WBPT 


37 


Tape* 






Program Control 






Seek* 


SK 


34 


Control 


K 


34 


Set Flag 


SF 


32 


Clear Flag 


CF 


33 


Move Flag 


MF 


71 


Halt 


H 


48 


No Operation 


NOP 


41 



etc.). The sign analysis chart in Figure 22 shows that: 
(1) the Q data is complement-added during addition 
when the signs of the P and Q fields are different and 
during subtraction when the signs of the P and Q fields 
are alike; ( 2 ) if the Q field is complemented, and if the 
value of the original Q data is higher than the value of 
the P data, the sum, or difference is complemented; and 
(3) if a recomplement occurs, the original sign of the 
P field is changed. 

For example: 

Add +15 (Q data) to -35 (P data) 
According to the sign control analysis chart 

1. The Q data is complement-added (15 becomes 
85), and 85 +35=20. The hundreds carry is lost. 
A carry is always lost when it causes the sum or 
difference to exceed the size of the P field. The 
Arithmetic Check indicator is not turned on since 
the carry in this case indicates that recomplement- 
ing the P field is not required. 

2. The sum is not recomplemented ( 15 is less than 
35). 

3. The sign of the P field is not changed since no 
recomplement occurred. 

Multiplication and Division. The sign of each product 
and quotient is determined algebraically from the signs 
of its factors, as follows: 



+ B = 


+c 


+ Br= 


-C 


-B = 


+c 


+ B = 


+c 


+ B = 


-C 


-B = 


+C, etc. 



Add (A-21) 

Description. The data in the field at the Q address is 
added to the data in the field at the P address and the 
sum replaces the P field data. The Q field data remains 
unchanged. 

In Figure 23, the sum (14) replaces the 12 at 00500 
(P address ) . The field mark remains at the high-order 
position. When the sum is zero, the sign of the P field 
is retained. For sums other than zero, the sign of the 
field with the larger value is retained. High-order zeros 
are supplied if the number of significant digits in the 
Q field is less than the number of significant digits in 
the initial field at P. 

The High/Positive indicator is on if the sum is posi- 
tive and not zero; the Equal /Zero indicator is on if the 
sum is zero. Neither indicator is on if the sum is nega- 
tive. 

Timing. Execution time varies according to the num- 
ber of digits (high-order zeros included) in the field 
at P and according to whether recomplementing is 
necessary. Recomplement time must be added to the 
basic time when the signs of the fields at the Q and P 
addresses are different initially and the absolute nu- 
merical value of the Q field is greater than the absolute 
numerical value of the P field. 

Basic Execution Time: T=10 (6.5 + .5D Q + D P ) 
Recomplement Time : T = 10 D P 

Add Immediate (AM-1 1 ) 

Description. The description is the same as that for 
Add (A-21) except that the data in the Q part of the 
instruction is used as the Q data. For example, if the 
Op code were 11 in Figure 23, the Q data would be 
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Figure 22. Sign Control Chart 
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Op Code 
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Q Value at 09400 = 02 
P Value at 00500 = U 
Sum at P = 14 (replaces original value 




Figure 23. Add Instruction — Data Flow 



09400 and the result would be 12 (00 +12). The three 
high-order positions of the Q data ( 094 ) are not used 
because the P-data flag bit ( above the one in 12 ) stops 
the add operation. The Arithmetic Check indicator is 
turned on because the Q data field (09400 ) exceeds the 
two digits of data (12) contained in the field defined 
by the P address (00500). 

Timing. Same as Add. 

Subtract (S-22) 

Description. The data in the field at the Q address is 
subtracted from the data in the field at the P-address 
and the difference replaces the data in the field at the 
P address. The data in the field at the Q address re- 
mains unchanged. 

The data in the field at the Q address is comple- 
mented if it has the same sign as the data in the field 
at the P address. 

A zero result retains the sign of the field at the P 
address. The sign of a result, other than zero, is de- 
termined by algebraic analysis of the P and Q fields. 
High-order zeros are supplied if the number of signi- 
ficant digits in the Q field is less than the number of 
significant digits in the initial field at the P address. 

The High/Positive indicator is on if the difference is 
positive and not zero; the Equal/Zero indicator is on 
if the difference is zero. Neither indicator is on if the 
difference is negative. 

Timing. Execution time is computed by using the 
Add instruction formula. Recomplement time is added 
to basic time when the signs of the field at the Q and 
P address are the same initially and the absolute numer- 



ic value of the field at the Q address is greater than the 
absolute numeric value of the field at the P address. 

Basic Execution Time: T=10 (6.5 + .5D Q + D P ) 

Recomplement Time: T=10D P 

Subtract Immediate (SM-12) 

Description. The description is the same as for Sub- 
tract ( S-22 ) except that the digits in the Q part of the 
instruction are used as the Q data. 

Timing. Same as Subtract. 

Multiply (M-23) 

Description. The data in the field at the P address is 
multiplied by the data in the field at the Q address, 
and the result (product) is placed in core storage, be- 
ginning at position 00099 and extending through suc- 
cessively lower-numbered positions. The data in the 
fields at the Q and P addresses is not changed by the 
operation. 

In Figure 24, the multiplicand (12) at 00500 is multi- 
plied by the multiplier (02) at 09400. The product 
(0024) is developed and stored at 00096-00099. 

The 20 digits of the area in core storage specified as 
the "product area" ( positions 00080 through 00099 ) are 
automatically cleared to zeros before multiplication be- 
gins. Formation of the product then proceeds serially 
from right to left until terminated by the flag bit mark- 
ing the high-order position of the field at the Q address. 
A flag bit is stored in the high-order position of the 
product, and the sign of the product is indicated by the 
presence (negative) or absence (positive) of a flag bit 
in position 00099. A zero product may have a negative 
or positive sign, depending upon the signs of the fields 
at the Q and P addresses. 



26 



The number of digits in the product is equal to the 
sum of the digits (high-order zeros included) in the 
fields at the Q and P addresses. The size of the product 
is limited only by the core storage positions available. 
A product longer than the 20 positions of the product 
area may be formed, but positions in excess of 20 digits 
must be cleared to zeros by program instructions pre- 
ceding the Multiply instruction. 

It is possible to develop a product so large that it ex- 
tends from its units position ( location 00099 ) , leftward 
to location 00000, continues at the highest-order core 
storage location (19999, 39999, or 59999), and finally 
terminates with its high-order digit at some location 
lower than the highest-order core storage location. The 
Arithmetic Check indicator is not turned on when the 
product exceeds 20 digits in length. The High/Positive 
indicator is on if the product is positive and not zero; 
the Equal/Zero indicator is on if the product is zero. 
Neither indicator is on if the product is negative. 

Timing. The execution time varies according to the 
number of digits in the fields at the Q and P addresses. 

TzzlO (16 + D. Q + 4L Z +4 Dp (D Q -L Z )) 
L z is the number of zeros in multiplier field 

Multiply Immediate (MM-13) 

Description. The description for Multiply (M-23) 
applies except that the data in the Q part of the inst- 
ruction is used in place of the data in the field at the 
Q address. 

Timing. T=10 (16 + D Q + 4 L z + 4 D P (D Q -L Z ) ) 
L z is the number of zeros in multiplier field. 
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Divide (D-29) 

Description. The divisor ( Q address ) is successively 
subtracted from the dividend. The dividend must be 
stored in the product area before a Divide instruction 
is given. A Load Dividend instruction ( explained later) 
may be used to satisfy this requirement. 

A quotient and remainder of 20 digits are developed 
in the product area (00080-00099). When the quotient 
plus the remainder exceeds 20 digits, core storage posi- 
tions lower than 00080 (00079, 00078, etc.) must be 
reset to zeros by programming. One additional position 
should also be cleared to allow for a possible overdraw. 
For example, if 25 positions are required for the quo- 
tient and remainder, 00074-00079 would have to be 
reset to zeros before the divide command was given. 

The P address of the Divide instruction positions the 
divisor for the first subtraction from the high-order posi- 
tions of the dividend, as in manual division. The P 
address is determined by subtracting the number of 
digits in the quotient from 100. 

Examples._ Problem 1: 4906 -f- 23 = 0213 and a re- 
mainder of 07. Figure 25 shows the manner in which 
the 1620 solves this problem. 

Problem 2: -212 (212) ^ 24 = -8.83 (00883) and 
a remainder of 08. Figure 26 shows how the 1620 
solves this problem. 

As illustrated in these examples, each subtraction 
without overdraw causes the quotient digit to be in- 
creased by 1. Quotient digits are developed in the units 
position of the Multiplier/Quotient register. An over- 
draw initiates a correction cycle ( the divisor is added 
once), and the next subtraction occurs one place to 
the right. 



Core Storage 




00000000000000000024 




Multiplicand Value = 12 
Multiplier Value =02 
Product Value = 0024 



Figure 24. Multiply Instruction — Data Flow 
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Instruction 



Data at 

Core Storage 
Addresses 



Description 



28 00099 00500 

29 00096 00600 



00500 
4906 



00600 
23 



Load dividend 
Subtract divisor 
Overdraw 

Add divisor back to correct overdraw. 

Store first leftmost digit of quotient (0) 
and flag bit 

Subtract divisor one place to the right 

No overdraw 

Subtract divisor 

No overdraw 

Subtract divisor 

Overdraw 

Add divisor back to correct overdraw 

Store second digit of quotient (2) 
Subtract divisor one place to the right 
No overdraw 
Subtract divisor 
Overdraw 

Add back divisor to correct overdraw 

Store third digit of quotient (1) 

Subtract divisor one place to the right 

No overdraw 

Subtract divisor 

No overdraw 

Subtract divisor 

No overdraw 

Subtract divisor 

Overdraw 

Add back divisor to correct overdraw' 



Store fourth digit of quotient (3) 
and flag bit, if negative. Opera- 
tion stops with quotient (0213) and 
remainder (07) in product area. 



01. 

3J6 



Figure 25. Divide, Problem 1 
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Instruction 

LD 28 00097 00500 
D 29 00095 00650 



Description 

Data 

Reset 00080 - 00099 to zeros. Transmit dividend 
to 00097. Dividend sign to 00099. 

Subtract divisor from dividend starting at 00095. 

Overdraw 

Correction 



Store first quotient digit (0) and flag bit 
Subtract one place to the right 
Overdraw 
Correction 

Store 2nd quotient digit (0) 
Subtract one place to the right 
Successful subtraction 

7 more successful subtractions ( 7 x 24 = 168 



Overdraw 
Correction 

Store quotient digit (8) 

8 successful subtractions (8 x 24 = 192) 

(Overdraw and correction not shown) 
Store quotient digit (8) 

3 successful subtractions (3 x 24 = 72) 



Overdraw 
Correction 

Store quotient digit (3) 

Store flag over leftmost position of remainder. 
Sign of quotient over units position (00099 - 
length of divisor). 



00650 



24 



00500 



212 



2 
8j 2 

-' 1 





4 
6 
4 


9 


- 7 

2 
9 8 
+ 2 

3 
3 



Figure 26. Divide, Problem 2 



The first leftmost quotient digit is stored at the ad- 
dress equal to the P address of the Divide instruction 
minus the length of the divisor. A flag bit is generated 
and stored with the first quotient digit. Subsequent 
quotient digits are stored to the right of the last-stored 
quotient digit. Division is terminated, after the last 
quotient digit is developed by subtractions, with the 
units position of the divisor at 00099. 

The quotient and remainder replace the dividend in 
the product area. The address of the quotient is 00099 
minus the length of the divisor. The algebraic sign of 
the quotient ( determined by the signs of the dividend 
and divisor) is automatically placed in the low-order 
position of the quotient. T^e address of the remainder 
is 00099. A flag bit is automatically placed in the left- 
most position. The remainder has the sign of the divi- 
dend and the same number of digits as the divisor. 

The High/Positive indicator is on if the quotient is 
positive and not zero; the Equal/Zero indicator is on 
if the quotient is zero. Neither indicator is on if the 
quotient is negative. 

The quotient must be at least two digits in length; 
one position is required for the sign and one for the 
field nark (flag bit). 

Timing. T=10 (6 + 13.5 Q T + 9.75 D v Q T ) • D v and 
Q T equal the number of digits in the divisor and quo- 
tient, respectively. The formula assumes an average 
quotient digit of 4.5. If a Load Dividend or Load Divi- 
dent Immediate instruction is used, the divide opera- 
tion execution time may be considered as the total time 
for both the Load Dividend and Divide instructions. 

T=10 (23.5 + 1.5 D N + 13.5 Q T + 9.75 D V Q T ) 
D N is the number of digits in the dividend 

DECIMAL POINT LOCATION 

The computer is unaware of decimal points, except 
for Automatic Floating-Point Operations ( Special Fea- 
ture ) . Decimal point location for any given divide cal- 
culation is easily determined by simply subtracting the 
number of decimal digits in the divisor from the number 
of decimal digits in the dividend. The result is the num- 
ber of decimal digits in the quotient. For example, if 
the divisor and dividend values in Problem 2, Fig- 
ure 26 are 2.4 and 2L200, respectively, the quotient is 
008.83(3 —1 = 2). Note that the original dividend, 
21.4 became 21.400 as a result of its placement by the 
Load Dividend instruction. Thus, the number of divi- 
dend decimal digits must include the zeros to the right 
of the loaded dividend. 



INCORRECT DIVISOR POSITIONING 

The following error conditions are caused by an incor- 
rect P address in the Divide instruction. 

Overflow. As illustrated in Figure 27, an incorrectly 
positioned divisor can cause more than nine successful 
subtractions and an incorrect quotient. The divide op- 
eration is terminated, the Arithmetic Check indicator 
and light are turned on, but processing does not stop 
unless the Overflow Check switch is set to stop. Note 
the absence of a field-length flag in position 00095 when 
division is terminated. The flag is not placed auto- 
matically because the first quotient digit, which nor- 
mally causes the flag bit to be generated and stored, 
is not achieved. 

If, after a division overflow, the field remaining in 
the product area is to be used for further operations, 
the program must provide for a flag to be set in the 
desired position. 

Loss of One or More High-Order Digits of the Divi- 
dend. The high-order digit of the dividend is assumed 
by the 1620 to be one position to the left of the high- 
order digit of the divisor. Figure 28 shows how the 
high-order digits of the dividend are lost if the divisor 
is positioned too far to the right. Processing continues 
with no indication of an incorrect quotient. 

Incorrect Termination. If the P address is less than 
10000, that is, between 00100 and 09999, the divide op- 
eration will terminate when a subtraction occurs at 
0XX99. This, in effect, restricts the size of the dividend 
to 10,020 digits, if only 20,000 positions of core storage 
are installed. 

SUMMARY OF DIVISION RULES 

1. Divide ( D-29- or DM-19 ) 

a. P address — 00100 minus the length of the quo- 
tient. The quotient length is 100 minus the P 
address. 

b. Q address = core storage address of the di- 
visor. 

2. Quotient address = 00099 minus the length of the 
divisor. 

3. Quotient length = 100 minus P address. 

4. Remainder address = 00099. 

5. Sign of quotient: determined by the algebraic 
signs of the dividend and divisor. 

6. Sign of remainder: same as that of the dividend. 

7. Decimal point location: the number of dividend 
decimal digits minus the number of divisor deci- 
mal digits equals the number of quotient decimal 
digits. 
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Instruction 



D 29 00097 00650 



Description 


00650 


| 00090 


[00091 


1 00092 


[00093 


[00094 


1 00095 


960001 


00097 




2 1 
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Successful subtraction No. 1 
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Figure 27. Divide Overflow 



Divide Immediate (DM-19) 

Description. The description of Divide (D-29) ap- 
plies except that the data in the Q part of the instruc- 
tion is used as the divisor. 

Timing. Same as Divide (D-29). 

Load Dividend (LD-28) 

Description. In division operations, the dividend 
must be stored in the product area before a Divide com- 
mand is given. The Load Dividend instruction may be 
used to satisfy this requirement. 



The product area (00080-00099) is automatically 
reset to zeros. The dividend ( Q address ) is transmitted 
to the product area (P address), beginning at the right- 
most dividend digit and terminating at the flag bit 
marking the leftmost position of the dividend field. The 
P address is 00099 minus the number of zero positions 
desired to the right of the dividend. 

The algebraic sign of the dividend is automatically 
placed in location 00099, regardless of where the low- 
order dividend digit is placed by the P address. A flag 
bit automatically marks the high-order digit of the 
dividend. 
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Instruction 



29 00098 00650 



Description 00650 
Divide (Incorrect P Address) 19 



8 



2 1 



Figure 28. Division Error, Incorrect Programming 



Example. Two Load Dividend instructions and one 
Load Dividend Immediate instruction are shown in 
Figure 29. 

1. The Load Dividend instruction, 

28 00096 00650, 

causes the low-order position of the dividend to 
be placed at 00096. The sign (minus) is stored 
at 00099. 



2. The Load Dividend instruction, 

28 00099 00650, 

causes the low-order position of the dividend to 
be placed at 00099. The sign (plus) is stored at 
00099. 

3. The Load Dividend Immediate instruction, 

18 00098 00650, 
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(1) 28 00096 00650 
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(2) 28 00099 00650 
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Load Dividend 
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(3) 18 00098 00650 
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Load Dividend Immediate 
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Figure 29. Load Dividend Instruction 
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causes the low-order position of the dividend ( the 
Q part of the instruction ) to be placed in the field 
beginning at 00098. The sign (plus) is stored at 
00099. 

Timing. T=10 ( 17.5 + 1.5 D N ) where D N equals the 
number of digits in the dividend. 

Load Dividend Immediate (LDM-18) 

Description. The description for Load Dividend 
applies except that the data in the Q part of the instruc- 
tion is transmitted to the P address. 

Timing. Same as Load Dividend ( LD-28 ) . 

SUMMARY OF LOAD DIVIDEND RULES 

1. Load Dividend (LD-28 or LDM-18) 

a. P address = 00099 minus the number of zeros 
desired to the right of the units position of the 
dividend. 

b. Q address = core storage address of the divi- 
dend. 



Logic Instructions 

Logic instructions consist of two types of instructions: 

Compare Instructions 
Branch Instructions 

Compare instructions, although they are arithmetic 
in nature, perform a distinctly logical function. 

All branch instructions except Branch Back ( BB-42) 
must contain an even-numbered P address because a 
branch is to the high-order digit ( O ) of an instruction, 
which must be in an even-numbered location if the op- 
eration code is to be interpreted correctly. 

Branch instructions may be unconditional or condi- 
tional. Unconditional branches are executed as the Op 
code directs. Conditional branch instructions l e per- 
formed or not performed, depending on the condition 
tested. 

Compare (C-24) 

Description. The data in the field at the Q address is 
compared with the data in the field at the P address to 
determine if the latter is greater than or equal to the 
former. This is accomplished by subtracting the Q data 
from the P data and discarding the digits of the dif- 
ference. Neither field is altered. The result of the com- 



parison is shown by the on/off condition of the follow- 
ing indicators. 



Condition (Mgebraic) 


Indicators 


High/Positive 


Equal/Zero 


H/P or E/Z 


P Greater than Q 


ON 


OFF 


ON 


P Less than Q 


OFF 


OFF 


OFF 


P Equal to Q 


OFF 


ON 


ON 


P = Data in Field at P Address 






Q = Data in Field at Q Address 







Comparison proceeds serially from right to left until 
terminated by the flag bit marking the leftmost position 
of the field at the P address. High-order zeros are sup- 
plied when the size of the Q field is less than that of the 
P field. The High/Positive indicator is turned on if the 
P address data is algebraically higher than the Q ad- 
dress data, and off, if not higher. The Equal/Zero indi- 
cator is turned on if the P address data is algebraically 
equal to the Q address data, and off, if not equal. 

In Figure 30, the Q address data ( 12 ) is subtracted 
(complement-added) from the P address data (22). 
The difference ( + 10 ) is discarded and the indicators 
are set as follows: 

High/Positive: on 
Equal/Zero: off 

Comparison is completed only if the number of digits 
in the field at the P address ( high-order zeros included ) 
is greater than or equal to the number of digits in the 
field at the Q address (high-order zeros included). If 
this condition is not met, the Arithmetic Check indica- 
tor is turned on and the extra digits in the field at the 
Q address are hot used. However, the result of the com- 
parison (ignoring the extra digits) is correct to the 
point where the comparison terminates. 

If the signs of the two fields are different initially, 
comparison continues until a digit other than zero is 
detected in either the P or Q field. The on /off condi- 
tions of the indicators show the positive field to be the 
greater. When two fields containing all zeros are com- 
pared, the signs are disregarded and the Equal/Zero 
indicator is turned oh. 

The minimum length of the two fields being com- 
pared is two digits, with the exception that one-digit 
fields can be compared if the signs of the two fields are 
not alike. 
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1 Op j 
Code 


Address of P Field 


Address of Q Field 


2 


4 





9 


4 














5 










>■ 








L_ 











1. High/Positive 
Set On - P Higher than Q 
Set Off - P Not Higher than Q 

2. Equal/Zero 

Set On - P Equal to Q 

Set Off - P Not Equal to Q 

The Q data (12) is subtracted from the P data (22). The result (+10) causes the 
High/Positive indicator to be turned on and the Equal/Zero indicator 
to be turned off. 



Core Storage 




Difference (+10) is discarded. 



Figure 30. Compare Instruction — Data Flow 



Following are the ascending collating sequences 
upon which the results of comparisons are based: 

1. Numeric mode 

0123456789 

2. Alphameric mode 

b (blank) . ) + $*-/, (= @ ABCDEFGHIO 
(minus zero) JKLMNOPQRSTU VWXYZ 
012345678 9. ( Minus 1 through minus 9 occu- 
py the same locations as J through R in the alpha- 
meric collating sequence. ) 
The record mark (={=)> group mark (^), and nu- 
meric blank cannot be used as data in an arithmetic or 
compare operation. 

Timing. When fields with like signs are compared, 
the execution times varies according to the number of 
digits in the field at the P address (high-order zeros 
included ) . 

T = 10 (6.5 + .5 Dq -f- Dp) 



When fields have unlike signs, the execution time 
depends on the number of positions compared until a 
digit other than zero is detected in either field. 

T = 10(8 + 1.5 D z ) 

Compare Immediate (CM-14) 

Description. Comparison proceeds the same as with 
the Compare (C-24) instruction, except that the data 
contained in the Q part of the instruction rather than 
the data at the Q address, is compared with the data 
at the P address. 

Timing. Same as Compare. 

Branch (B-49) 

Description. This instruction branches uncondition- 
ally to the instruction at the P address, which is the 
next instruction to be executed. The Q part of the 
Branch instruction is not used. 

Timing. T = 40. 
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Branch on Digit (BD-43) 

Description. Branch to the instruction at the P ad- 
dress if the digit at the Q address is not zero. If the digit 
at the Q address is a zero ( either a plus zero or a minus 
zero), no branch occurs and the next instruction in 
sequence is executed. 

Timing. T = 70. 

Branch No Flag (BNF-44) 

Description. Branch to the instruction at the P ad- 
dress if a flag bit is not present at the Q address. 

If a flag bit is present at the Q address, the next in- 
struction in sequence is executed. 

Timing. T = 70. 

Branch No Record Mark (BNR-45) 

Description. Branch to the instruction at the P ad- 
dress if a record mark character is not present at the 
Q address. If a record mark character is present, the 
next instruction in sequence is executed. 

Last-Record Check. The Branch No Record Mark 
instruction can be used with paper tape to perform a 
last-record check, similar to the last-card check used 
with cards. 

Data read from paper tape is transferred to core stor- 
age in records. Each record is distinguished in storage 
by a record mark at the end (rightmost position) of 
the record, resulting from the end-of-line (el) punch 
at the end of the tape record. Reading and processing 
data continues through the last record, which can be 
distinguished by two el punches at the end. Actually, 
the second el punch becomes the first and only char- 
acter of the last record; i.e., after reading the last data 
record (terminated by the first of the two successive 
el punches ) , the next read instruction causes the sec- 
ond el punch to read in. 

A Branch No Record Mark instruction, which tests 
the first (leftmost) character of each record, follows 
each read instruction and normally permits data to be 
processed. When the first character read in a record 
is an el punch, processing of data is stopped by this 
instruction which causes the program to branch to the 
end-of-tape routine. 

Timing. T = 70. 

Note: If the 1311 Disk Storage Drive is attached to 
the system, an additional special character, a group 
mark, is used in disk storage operations. The Branch 
No Record Mark instruction treats a group mark in the 
same manner as a record mark because both contain 
8 and 2 bits. 



Branch No Group Mark (BNG-55) 

Description. This instruction is available when the 
1311 Disk Storage Drive is attached to the system. The 
purpose of this instruction is to enable the program to 
test for the presence or absence of a group mark in core 
storage. 

If the core storage location specified by the Q address 
does not contain a group mark, the program branches 
to the instruction at the P address. (The P address must 
be an even-numbered address. ) If the location tested 
contains a group mark, the next instruction in sequence 
is executed. 

It should be noted that the Branch No Record Mark 
( BNR — 45 ) instruction treats a group mark in the 
same manner as a record mark because both contain 
8 and 2 bits. 

Timing. T = 70. 

Branch Indicator (BI-46) 

Description. The indicator specified by Q 8 and Q 9 of 
the instruction is interrogated; if the indicator is on, a 
branch to the P address occurs. Indicators are always 
in one of two conditions, on or off. The Q 7 , Qm, and 
Qn positions of the instruction are not used. 

Timing. T = 60. Information concerning 1620 indi- 
cators is given in Table 4 and further explained, as 
follows: 

1620 INDICATORS 

Program Switches (01- 04). The status of these four 
indicators is determined by the on/off conditions of 
their respective Program switches on the 1620 console. 

Read and Write Check (06 and 07). The Rd/Wr 
Check indicators are turned on when erroneous data 
is transferred to or from an input/output unit. 

Last Card (09). This indicator is turned on whenever 
the data from the last card is correctly transferred from 
1622 input buffer storage to core storage. 

Arithmetic (11, 12, 13, and 14). The arithmetic indi- 
cators, 11, 12, and 14, are explained under arithmetic 
instructions. The single indicator, High/Positive or 
Equal/Zero (13), provides the means of interrogating 
both the High/Positive (11) and Equal/Zero (12) 
indicators with one Branch Indicator or Branch No 
Indicator instruction— no indicators are turned off by 
this instruction. The h/p or e/z indicator is turned off 
only when both the h/p (11) and e/z (12) indicators 
are off. 
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Table 4. 1620 Indicators 



Machine 


Code 


Name 


Light 


Turned on by 


Turned off by 


1620 


01-04 
06 

07 

09 

11 


1620 Program Switches 1-4 
Read Check 

Write Check 

Last Card (1622 Card Read) 
High-Positive (H/P) 


No 
Yes 

Yes 

Yes 

Yes 


Operator (Program Switch On) 
I/O Input Error 

I/O Output Error 

Last Card Data Transfer to Core 
Storage 

Arithmetic Result positive and 
greater than zero 


Operator (Program switch Off) 
BI, BNI, Reset key, or Check 
Reset key 

BI, BNI, Reset key, or Check 
Reset key 

BI, BNI, or Reset key 

Reset key or next arithmetic 
instruction 




12 

13 
14 
15 
16 

17 

19 

30 


Equal-Zero (E/Z) 

H/P or E/Z 
Arithmetic Check 
Exponent Check 
MBR-E Check 

MBR-O Check 

Any Ch©ck 

IX Band 


Yes 

No 
Yes 
Yes 
Yes 

Yes 

No 

No 


Arithmetic Result of zero 

Indicator 1 1 or 12 
Arithmetic Check 
Exponent Overflow/Underflow 
Parity Error in MBR-E, MIR-E ' 

Parity Error in MBR-O, MIR-O 

InrJirntnr OA 07 1A 17 ?5 or 39 On 

Power on or Branch and Select 
instruction 


Reset key, or next arithmetic 
instruction 

Indicators 1 1 and 12 Off 
BI, BNI, or Reset key 
BI, BNI, or Reset key 
BI, BNI, Check Reset or 
reset key 

BI, BNI,Check Reset or 
reset key 

rnr4Im(-nr<; 06 07 16 17 ?*> 
ina i v-arors vo , \it , i o, i / , , 

and 39 off, or check Reset key 
Power off or Branch and Select 
Instruction 




31 
32 


IX Band 1 
IX Band 2 


Yes 
Yes 


Branch and Select instruction 
Branch and Select instruction 


Power off or Branch and Select 
instruction 

Power off or Branch and Select 
instruction 


1311 


36 


Address Check 


Yes 


Unequal address, or no address 
found in disk storage, or multiple 
heads, or multiple drives are selec- 
ted. 


BI, BNI, Check Reset, or Reset 
keys disk opcrofion 




37 


Wrong-Length Record/ 
Read-Back Check 


Yes 


Incorrect record length, or corres- 
ponding data in disk storage and 
core storage does not compare 


BI, BNI, Check Reset, or 
Reset key, or disk operation 




38 


Cylinder Overflow 


Yes 


Disk operation completes last 
sector and sector count is not 000 


BI, BNI, Check Reset or 
Reset keys, or disk operation 




39 


Any Disk Error 


No 


36,37, or 38 on 


Reset of 36, 37, and 38 


1443 


25 


Printer Check 


Yes 


Parity error or sync, check 
in 1443 


If a parity error: 

BI, BNI, 1620 or 1443 

Reset keys. 
If a sync, check error: 

1443 Reset key only. 




33 


Chanel 9 


No 


Punched hole in Channel 9 
of carriage control tape 


BI, BNI, 1620 Reset key, 
or a punched hole in Channel 
1 of carriage control tape. 




34 


Channel 12 


No 


Punched hole in channel 12 
of carriage control tape 


BI, BNI, 1620 Reset key, or a 
punched hole in Channel 1 
of carriage control tape. 




35 


Printer Busy 


No 


1443 printing (buffer is un- 
available for loading) 


1443 Completion of printing 
(buffer available for loading) 
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Exponent Check (15) Special Feature. The Exponent 
Check indicator is turned on by an exponent underflow 
or overflow. This indicator is described in more detail 
in the description of Floating-Point Operations. 

MBR-E and MBR-O (16 and 17). All data leaving 
core storage does so via the mbr registers. Their associ- 
ated indicators ( 16 and 17 ) are turned on if a parity 
error occurs. These indicators are also turned on by a 
parity error in the Memory Inhibit Register (mir). 

Any Check (19). This indicator provides the means 
of interrogating six error conditions ( Indicators 6, 7, 16, 
17, 25, and 39) with a single Branch Indicator or 
Branch No Indicator instruction; no indicators are 
turned off by the instruction. Indicator 19 is turned off 
only when all of the six error conditions are off. 

Index Registers Indicators (30, 31, and 32). These in- 
dicators are used with the special feature Index Reg- 
isters, and are described in more detail in the func- 
tional description of that feature. These indicators are 
turned on by the Branch and Select instruction; Indi- 
cator 30 is also turned on when power is turned on. 
These indicators are not turned off by testing them. 

1311 INDICATORS 

Address Check Indicator (36). With the exception of 
read track mode instructions, reading and writing oper- 
ations in disk storage are contingent upon an equal 
comparison between a sector address on the disk and 
the sector address in OR-1. If an address matching the 
sector address in the disk control field is not found on 
the designated track within one complete disk revolu- 
tion, the operation terminates and the Address Check 
indicator and light turn on. 

Wrong-Length Record / Read-Back Check Indicator 
(37). This dual-purpose indicator turns on ( 1 ) upon 
detection of a Wrong-Length Record Check error, or 
( 2 ) in a Disk Check operation when the data from disk 
storage does not compare, bit-by-bit and character-by- 
character, with the data in core storage. 

Cylinder Overflow Indicator (38). This indicator and 
light turn on if a disk operation completes the last sec- 
tor of a cylinder without the sector count being decre- 
mented to 000. This condition terminates the operation. 

Any Disk Indicator (39). This indicator facilitates the 
testing of all indicators associated with disk storage. 
Indicator 39 is turned on by Indicators 36, 37, or 38; 
it is turned off when the same indicators are reset by in- 
terrogation. 



1443 INDICATORS 

Printer Check (Code 25). This indicator is turned on 
by a parity error or a Sync Check in the 1443. Because 
the 1443 prints buffered data, either of these errors can 
occur at any time with respect to 1620 operation. The 
1620 Any Check indicator ( 19 ) is turned on when the 
Printer Check indicator is turned on. 

Channel 9 (Code 33). This indicator is turned on when 
a punched hole is detected in Channel 9 of the carriage 
control tape. 

Channel 12 (Code 34). This indicator is turned on 
when a punched hole is detected in Channel 12 of the 
carriage control tape. 

Printer Busy ( Code 35). This indicator is on when the 
1443 is printing and the buffer is unavailable for load- 
ing. The indicator is off when printing is complete and 
the buffer can accept data from core storage. 

Branch No Indicator (BNI-47) 

Description. Same as Branch Indicator (BI-46) ex- 
cept that the branch occurs when an indicator is off. 

Timing. T - 60. 

Branch and Transmit (BT-27) 

Description. The address of the next instruction in 
sequence is saved automatically by being stored in an 
Address Register (IR-2). The data in the field at the 
Q address is transmitted to the P address minus one 
and to successively lower-numbered core storage posi- 
tions. Transmission proceeds serially from right to left 
until terminated by the flag bit that marks the leftmost 
position of the field at the Q address. The field at Q 
remains unchanged. The instruction at the P address is 
the next one executed. 

Figure 31 shows how the instructions Branch and 
Transmit and Branch Back are utilized to make use of 
a common subroutine. Note that the data for the sub- 
routine is stored beside the subroutine by the Branch 
and Transmit instruction. The last instruction of the 
subroutine, Branch Back ( explained later ) , returns the 
program to the main routine ( the address saved in IR- 
2 ) when the Branch and Transmit was executed. 

In Figure 32, the instruction 27 09400 00500 is exe- 
cuted as follows : 

1. The address of the next sequential instruction is 

saved. This address will be 00012 if the Branch 

and Transmit instruction is 00000. 
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Figure 31. Subroutine Linkage 



2. The Q data is transmitted to the P address minus 
one (09399). 

3. A branch to 09400 (the P address of the Branch 
and Transmit instruction) occurs. 

Timing. T = 10 (7.5 + 1.5 D Q ) 

Branch and Transmit Immediate (BTM-17) 

Description. Same as Branch and Transmit (BT-27) 
except that the digits in the Q part of the instruction 
are used as Q data. 

Timing. T = 10 (7.5 + 1.5 D Q ') 

Branch and Transmit Floating (BTFL-07) 

Description. This instruction can be used to transmit 
fields during floating-point arithmetic operations. It 
can be used in either floating-point subroutines or used 
in conjunction with the special feature Automatic 
Floating-Point Operations. The address of the next in- 
struction is saved in IR-2, and the field at the Q address 
is transmitted to the P address minus one. The instruc- 
tion at the P address is the next one executed. The man- 
tissa and the exponent in the Q field are not altered in 
core storage. The Q address is normally the rightmost 



position of the exponent. The operation is the same as 
the regular Branch and Transmit instruction (BT-27), 
except that in the transmit function flags in the three 
low-order positions of the Q address are ignored as 
indications to terminate the transmittal. Beginning with 
the fourth low-order position, a flag bit terminates the 
operation. All flag bits are transmitted. 

Timing."! - 10(9.5 + 1.5 L) 

L — number of digits in mantissa. 

Branch Back (BB-42) 

Description. This instruction causes the computer to 
branch unconditionally to either, (1) the instruction 
at the address saved in IR-2 by the execution of the last 
Branch and Transmit instruction, or (2) the address 
saved in PR-1 by previous depression of the Save key 
on the console when the computer was in manual mode. 

The Save key function is examined first since it has 
priority over a Branch and Transmit instruction. If the 
Save key function is active, the console Save light is 
turned off and the branch is to the instruction whose 
address was saved in PR-1. If the Save key function is 
inactive, the branch is to the address saved in IR-2 
when the last Branch and Transmit instruction was exe- 
cuted. The contents of IR-2 are transferred to IR-1, and 
IR-2 is cleared. If a second Branch Back instruction 
occurs without an intervening Branch and Transmit 
instruction or a Save Key depression, a MAR check 
results. The P and Q addresses of the Branch Back in- 
struction are not used. 

Timing. T = 20. 

Branch and Select (BS-60) 

Description. This instruction enables programs to 
be run with or without indirect addressing. The Q ia 
digit of the instruction is examined for an 8 or 9: an 8 
turns off indirect addressing, a 9 turns it on. Whichever 
selection is executed remains in effect until changed 
by another Branch and Select instruction or a power-off 
operation. A power-on operation causes indirect ad- 
dressing to be operative. This instruction is also used 
with the special feature Index Registers. Its additional 
usage is described in the functional description of this 
feature. 

The branch to the P address is unconditional. The 
Q7-Q10 positions of the instruction are not used. 

Timing. T — 60. 

Branch and Transmit Address (BTA-20) 

Description. The address of the next instruction in 
sequence is stored in IR-2. The data in the field at the 
Q address is transmitted to the P address minus one and 
to successively lower-numbered core storage positions. 
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Circled numbers refer to 
these operations: 



1. Save address of next sequential instruction in register IR-2. 

2. Transmit data in the field at the Q address to the P address minus one. 

3. Branch to the P address. 



Figure 32. Branch and Transmit — Data Flow 



The field at the Q address remains unchanged. The in- 
struction at the P address is the next one executed. The 
operation is the same as the regular Branch and Trans- 
mit instruction, except that in the transmit function 
any flags in the four low-order positions are ignored as 
indications to terminate the transmission. Beginning 
with the fifth low-order position, detection of a flag bit 
terminates the operation. 

Figure 32.1 illustrates the data flow for a Branch 
and Transmit Address instruction. In this example, a 
six-digit field is illustrated; however, a flag over the 
fifth position (address 00496) would limit the size of 
the field to five digits. 



Timing. 10 (7.5 + 1.5 Dq) /xsec. 

Branch and Transmit Address Immediate (BTAM-10) 

Description. Same as the Branch and Transmit Ad- 
dress instruction, except that transmitted data starts 
with Qn. A digit to the left of Q 8 must be flagged to 
end transmission of digits. 

Timing. 10 (7.5 + 1.5 D. Q ) /xsec. 

Internal Data Transmission Instructions 

The following instructions provide for the transmission 
of data from one core storage address to another. 
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Circled numbers (7\ Saye of next seq uential instruction in IR-2. 

refer to these > — ' 

operations: 

( 2 ) Transmit data in the field at the Q address to the P address minus one. 
Branch to the P address. 
Figure 32.1. Branch and Transmit Address Operation 



Transmit Digit (TD-25) 

Description. The single digit at the Q address is 
transmitted to the P address. The digit at the Q address 
is not changed. A flag bit at the Q address is also trans- 
mitted. 

Timing. T = 80. 

Transmit Digit Immediate (TDM-15) 

Description. The single digit in the units position of 
the Q part of the instruction ( Qn ) is transferred to the 
P address. The original digit in the units position of the 
Q part remains unchanged. 

In Figure 33, if the Transmit Digit Immediate in- 
struction (15 09400 00500) is at 09200, the digit (0) 
at 09211 is transmitted to the core storage location 
specified by the P address (09400). The 3 at 09400 is 
replaced by the 0, which also remains in 09211. 

If a flag bit is located at Qu, it is also transmitted. 

Timing. T= 80. 

Transmit Field (TF-26) 

Description. The data in the field at the Q address is 
transmitted to the field at the P address. The data in the 
field at the Q address remains unchanged by the trans- 
fer. 



Transmission proceeds serially from right to left until 
terminated by the flag bit that marks the leftmost posi- 
tion of the field at the Q address. The transmitted field 
replaces all data in the field at the P address, including 
flag bits. 

In Figure 34, the data (214) in the field defined by 
the Q address (00500) replaces the data (128) in the 
field defined by the P address (09400). The data at the 
Q address is not changed. 

Timing. The execution time varies according to the 
number of digits (high-order zeros included) in the 
Q field. 

T = 10(6.5 + 1.5 Dq ) average 

Transmit Field Immediate (TFM-16) 

Description. The description is the same as that for 
Trasmit Field except that the data in the Q part of the 
instruction is used in place of the data at the Q address. 

Timing. T = 10 (6.5 + 1.5 D Q ') average. 

Transmit Floating (TFL-06) 

Description. This instruction can be used to trans- 
mit fields during floating-point arithmetic operations. 
It can be used in either floating-point subroutines or 
used in conjunction with the special feature Automatic 
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Figure 33. Transmit Digit Immediate — Data Flow 



Floating-Point Operations. The field at the Q address 
is transmitted to the location designated by the P ad- 
dress. The mantissa and the exponent in the Q field are 
not altered in core storage. The Q address is normally 
the rightmost position of the exponent and the operation 
is the same as the regular Transmit Field instruction 
(TF-26), except that flag bits in the three rightmost 
positions of the Q address are ignored as indications to 
terminate the transmittal. Beginning with the fourth 
low-order digit, a flag bit terminates the operation. All 
flag bits in the field are transmitted. 

Timing. T = 10 (9.5 + 1.5 D Q ) average. 

Transmit Record (TR-31) 

Description. The record at the Q address is trans- 
mitted to the P address and successively higher-num- 
bered core storage locations. The record at the Q ad- 
dress remains unchanged by the transfer. 



Core Storage 




Figure 34. Transmit Field — Data Flow 



Transmission proceeds serially from left to right 
until terminated by a record mark. The transmitted 
record, including flag bits and the record mark, re- 
places all data in the record at the P address. 

Timing. The execution time varies according to the 
number of characters (high-order zeros included) in 
the record at the Q address. 

T = 10 (6.5 + 1.5 D Q ) average 

Transmit Record No Record Mark (TRNM-30) 

Description. This instruction is the same as the Trans- 
mit Record ( TR-31 ) instruction except that the record 
mark character in the Q field, which terminates the 
operation, is not transmitted to the P field. 

Timing. T = 10 (6.5 + 1.5 D Q ) average 

Transfer Numeric Strip (TNS-72) 

Description. This instruction converts numeric data 
that is in the two-digit alphameric mode into single- 
digit numerical data, with sign. The rightmost position 
of the alphameric field is specified by the P address of 
the instruction which must always be an odd-numbered 
core storage location. The rightmost position of the 
field that is to contain numeric data is specified by the 
Q address. Transmission of the numerical digits from 
the odd-numbered positions of the alphameric field 
proceeds from the position addressed, through succes- 
sively lower-numbered core storage locations, until a 
flag bit is sensed in other than the units position of the 
numeric field. The flag bit must be placed in the Q field 
prior to this instruction to define the leftmost position. 
It remains unchanged by the instruction. For example, 
the numeric digits 4, 3, 2, and 1 in Figure 35 are stripped 
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Figure 35. Transfer Numeric Strip 

from their alphameric codes 54, 73, 72 and 71, respec- 
tively. The flag bit previously stored at 17461 terminates 
the operation. 

The zone digits (in the even-numbered core storage 
locations ) of the alphameric ( P ) field are ignored ex- 
cept for a 5, 2, or 1 in the units zone position. A 5 or 1 
in the units zone position indicates a negative quantity 
from punched cards or paper tape and is converted by 
this instruction to a flag bit over the units digit of the 
numeric field ( Q field ) . A 2 in the units zone position 
of the alphameric field occurs when a negative zero, 
indicated by an X alone, is read in from punched cards 
or paper tape. This 2, combination is converted to a 
flagged by this instruction. A 2 in the units zone posi- 
tion with a nonzero digit in the units numerical posi- 
tion does not result in a flag being placed over the units 
digit of the numeric field. The following three examples 
illustrate these points. 

P Field Q Field 

(Before Transfer) (After Transfer) 
71727354 1234 
71727320 1230 
71727325 1235 

The digit in each odd-numbered core storage posi- 
tion of the alphameric field is transmitted without 
change to the corresponding position of the numeric 
field, concluding with the digit transmitted to the left- 
most position of the numeric field containing the flag 
that defines the field. Except for the field flag, all previ- 
ous contents of the numeric field are erased by the new 
contents. The erasure includes any sign flag contained 
in the rightmost position to designate a previous nega- 
tive value. The alphameric field remains unchanged. 

Flag bits in the even-numbered zone positions of the 
alphameric field are ignored. However, flag bits present 
in the odd-numbered core storage locations of the 
alphameric field are transmitted to the corresponding 
positions of the numeric field. 

Because such flag bits, when transmitted, may effect 
the length or sign of the numeric field, all flag bit posi- 



tions of the alphameric field should be cleared by in- 
structions at the beginning of the program. Such extra- 
neous flag bits are the result of a previous use of the core 
storage locations and the fact that the Read Alpha- 
merically instruction ignores the flag bits in the read-in 
field. If flags are developed in the alphameric field dur- 
ing the program, care should be taken before this in- 
struction is executed, that the flags do not disturb the 
numeric field. 

Timing. T — 10 ( 6 + D P ) average 

Transfer Numeric Fill (TNF-73) 

Description. This instruction moves and expands 
single-digit numeric data with sign, into two-digit al- 
phameric data. The rightmost position of the alpha- 
meric field is specified by the P address of the instruc- 
tion and must always be an odd-numbered core storage 
location. The rightmost position of the numeric field is 
specified by the Q address. 

Transmission proceeds from the location addressed, 
through successively lower-numbered core storage lo- 
cations, until a flag bit is sensed in other than the right- 
most position of the numeric (Q) field. The digits in 
the numeric field, including the digit in the leftmost 
(flagged) position, are transmitted without change to 
the corresponding odd-numbered positions of the al- 
phameric field. All of the previous contents of the 
alphameric field, including flag bits, are erased by the 
new contents. The numeric field remains unchanged. 

In Figure 36, the numeric digits T, 9, 8, and 7 fill in 
the alphameric field locations 16257, 16255, 16253, and 
16251, respectively. The field flag bit that terminates 
the transfer remains in the Q field and is neither trans- 
mitted nor converted. 

A sign flag in the rightmost position of the numeric 
field is converted to a 5 in the zone position of the right- 
most position of the alphameric (P) field. Absence of a 
flag in the rightmost position of the numeric field re- 
sults in a 7 being placed in the zone position of the 
rightmost position of the P field. All other zone positions 
of the alphameric field are automatically filled with 7's. 

Timing. T = 10 (6 + D P ) average 
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Input /Output Instructions 

1620 Input/Output (i/o) instructions enable the trans- 
fer of data between core storage and disk storage, and 
core storage and 1/ o units. The Read instructions trans- 
fer data from the input unit to core storage, and the 
Write and Dump instructions transfer data from core 
storage to the output unit. The P address of the instruc- 
tion determines where data is transferred to or from. 
The Q 8 arid Q 9 digits specify the i/o unit, as follows: 

01 — Typewriter 

02 — Tape Punch or Plotter 

03 — Paper Tape Reader 

04 - Card Punch 

05 - Card Reader 

07 — 1311 Disk Storage Drive 
09 - 1443 Printer 

The Q 7 and Q 10 positions of the instruction are not 
used. The Q 1X position is used in 1311 Disk Storage and 
1443 Printer operations. Because the Disk Storage in- 
structions consist of many variations of the basic i/o 
instruction, they are described separately. 

The operation of and the physical characteristics of 
the i/o units are described in the following publica- 
tions : 

IBM 1621 Paper Tape Unit ( Form A26-5836 ) 
IBM 1622 Card Read-Punch ( Form A26-5835) 
IBM 1443 Printer for 1620/1710 Systems ( Form A26- 
5730) 

IBM 1627 Plotter ( Form A26-5710) 

IBM 1311 Disk Storage Drive ( Form A26-5650) 

READ CHECK AND WRITE CHECK INDICATORS 

The Read Check and Write Check indicators (Codes 
06 and 07 ) , respectively, are turned on if a parity occurs 
in the 1620 during input and output operations. Once 
the Read or Write Check indicator is turned on, it is 
not turned' off by the reading or writing of subsequent 
correct characters; program interrogation or manual 
reset is required to turn it off. 

Read Numerically (36) 

Description. Numeric information from an input unit 
is transmitted serially to the P address and to succes- 
sively higher-numbered core storage locations. Trans- 
mission continues until terminated by one of the fol- 
lowing conditions : 

1. Paper Tape Reader: 

Sensing of the end-of-line character when paper 
tape is being read. At this time a record mark char- 
acter is generated automatically by the machine 
and placed in core storage following the last char- 
acter read from tape. 



2. Console Typewriter: 

Depression of the Release key on the console and 
the R-s key on the typewriter when the typewriter 
is used to enter information. The Release key ter- 
minates typewriter i/o operations and puts the 
computer in manual mode. A record mark char- 
acter is not generated automatically by the ma- 
chine. If it is desired to place a record mark in 
core storage following the last character entered, 
the Record Mark key on the typewriter must be 
pressed before pressing the Release key on the 
console. 

3. Card Reader: 

Reading the 80th character from the card input 
buffer storage into core storage. Each numeric 
character from an input unit along with its flag 
bit (if any), is stored in a single core storage loca- 
tion. A parity check bit (C bit), if needed, is 
furnished by the machine and stored in the same 
location. All data that is replaced, including flag 
bits, is destroyed. 
The — (dash) and J through R characters from the 
paper tape reader are entered into core storage as 
numeric digits with flag bits. Numeric blanks from the 
card reader are entered into core storage as C, 8, and 4 
bits and are punched out as blanks on a Write Numeri- 
cally operation. Actual blanks (from unpunched card 
columns) are entered into core storage as plus zeros 
(C bits) and are punched out as zeros on a Write 
Numerically operation. No other alphabetic or special 
characters (except the record mark) are transmitted 
correctly to core storage when this instruction is used. 

When the typewriter is selected by a Read Numeri- 
cally instruction, the 1620 stops in automatic mode to 
await the manual entry of information from the type- 
writer keyboard. 

Although a Read Numerically instruction may be 
used to transfer alphameric data from the 1622 without 
a parity error occurring, several characters ( equal sign, 
period, dollar sign, and comma) besides the record 
mark will have an 8, 2 representation in core storage. 
These characters will be treated as record marks dur- 
ing execution of subsequent Write Numerically and 
Transmit Record instructions. Thus, it behooves the 
programmer to be aware of card data and format before 
using the Read Numerically instruction to read alpha- 
meric data. Use of the Read Alphamerically instruction 
eliminates this problem. 

The core storage characters that result from the 
transfer of alphameric card data with a Read Numeri- 
cally instruction are shown in Appendix D. 

Timing. Execution times for the paper tape reader 
and typewriter depend upon the speed of the input 
unit selected and the number of characters read. The 
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Paper Tape Reader reads 150 characters a second 
(cps), and the maximum typewriter speed is 15.5 cps. 
Execution time is 1.7 ms for transferring 80 columns of 
data from the 1622 input buffer storage to core storage. 

Read Alphamerically (37) 

Description. Alphameric information from ah input 
unit is trasmitted serially to the P address and to suc- 
cessively higher-numbered core storage locations. 

The units digit ( P () ) of the P part of the instruction 
must be an odd number; otherwise, the input informa- 
tion is not placed in core storage correctly and parity 
errors may occur when the input information is read in. 
This is because of the 2-character transfer operation of 
core storage. The odd-numbered location must contain 
the right-hand (numeric) digit of the 2-digit alpha- 
meric code. Transmission continues until terminated 
by one of the following conditions: 

1. Paper Tape Reader: 

Sensing of the end-of-line character when paper 
tape is being read. At this time an alphameric 
record mark character (a numeric zero digit fol- 
lowed by a single record mark character) is gen- 
erated automatically by the machine and placed 
in core storage following that last character read 
from tape. 

2. Console Typewriter: 

Depression of the Release key on the console and 
the r-s key on the typewriter when the typewriter 
is used to enter information. An alphameric record 
mark character is not generated automatically by 
the machine. If it is desired to place an alphameric 
record mark in core storage following the last 
character entered, the Record Mark key on the 
typewriter must be pressed before the Release key 
on the console is pressed. 

3. Card Reader: 

Reading the 80th character from card input buffer 
storage into the 159th and 160th positions of core 
storage. A record mark is not generated in storage. 
Information from ah input unit may be a random 
mixture of numeric, alphabetic, and special characters. 
Each character from an input unit is stored in core stor- 
age as two digits. Flag bits are not transmitted on char- 
acters read by an input unit; however, flag bits already 
in the core storage area where the informatioh is read 
in remain unchanged. A single record mark character 
read by an input unit is stored ih core storage as nu- 
meric zero digit (C bit) followed by a single record 
mark character (coded C-8-2). 

Numeric data stored in the two-digit alphabetic mode 
must be converted by programming to sihgle-digit nu- 
meric data before being used in arithmetic commands. 
The Transfer Numeric Strip instruction may be used 
for this conversion. 



When the typewriter is selected, the 1620 stops in 
automatic mode to await the manual entry of informa- 
tion from the typewriter keyboard. 

Timing. Same as Read Numerically. 
Write Numerically (38) 

Description. Numeric information in the P address 
and in successively higher-numbered core storage loca- 
tions is transmitted serially to an output unit. Trans- 
mission continues until termihated by one of the fol- 
lowing conditions : 

1. Tape Punch: 

Sensing of a record mark or group mark charac- 
ter in core storage. The record mark or group mark 
character causes an end-of-line character to be 
punched in paper tape. 

2. Console Typewriter: 

Sensing a record mark or group mark character 
in core storage, or pressing the Release key on the 
console. If the Release key is not pressed, and a 
record mark or group mark is not encountered be- 
fore the data at the highest-numbered core storage 
address is written, the machine "loops back" to 
00000 and transmissioh continues. 

3. Card Punch: 

Writing the 80th position in card output buffer 
storage. 

4. Printer: 

Writing the 120th (or 144th) position in Printer 
buffer storage, or sensing a record mark or group 
mark in core storage. The terminating record 
mark or group mark is hot transferred to the print 
buffer and all remaining buffer positions are re- 
duced to blanks, including the record mark or 
group mark position. A record mark or group 
mark at the P address causes the buffer to be 
loaded with blanks and a "blank line" to be printed. 

5. Plotter: 

Sensing a record mark or group mark in core 
storage. 

Each humeric character in core storage, and its flag 
bit (if any), is written to an output unit, except in 1627 
Plotter operations, in which numeric characters sent 
to the Plotter are translated into plotting commands. 
The character in core storage remains unchahged. No 
alphameric or special character represented in core 
storage as two numeric characters can be written as a 
single character by this instruction. 

Timing. Execution times for the Paper Tape Reader 
and Typewriter depend on the speed of the output 
uhit selected and the number of characters written. The 
Tape Punch punches 15 cps and the Console Type- 
writer operates at 15.5 cps. For the Card Punch, the 
execution time equals 1.7 ms for transferring 80 col- 
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umns of data from core storage to 1622 output buffer 
storage. The time required to load the Printer Buffer is 
2.1 ms. The Model 1 Plotter requires 3.3 ms for each 
character transferred; the Model 2 Plotter requires 5 
ms for each character transferred. However, if one- 
character records are used, the cpu is released after 200 
[xsec. 

Write Alphamerically (39) 

Description. Alphameric information from the P ad- 
dress and from successively higher-numbered core 
storage locations is transmitted serially to an output 
unit. The units digit ( P ) of the P part of the instruction 
must be an odd number, otherwise, the information in 
core storage is not converted correctlv to the sinefle- 
character output representation. Transmission con- 
tinues until terminated by one of the following con- 
ditions: 

1. Tape Punch: 

Sensing of the alphameric record mark or group 
mark, which causes an end-of-line character to 
be punched in the tape. If the Release key is 
pressed first, the end-of-line character is not 
punched. If the Release key is not pressed and 
no alphameric record mark or group mark is en- 
countered before the data from the highest-num- 
bered core storage address is written, the machine 
"loops back" to 00000, and transmission continues. 

2. Console Typewriter: 

Sensing of an alphameric record mark or group 
mark, or depression of the Release key on the 
console. If this is done before an alphameric rec- 
ord mark or group mark has been encountered in 
core storage, a record mark character is not writ- 
ten. If the Release key is not pressed and no 
alphameric record mark or group mark is en- 
countered before the data from the highest-num- 
bered core storage address is written, the machine 
"loops back" to 00000, and transmission continues. 

3. Card Punch: 

Writing of the 80th position in card output buffer 
storage. 

4. Printer: 

Writing the 120th (or 144th) position in Printer 
buffer storage, or sensing a record mark or group 
mark in core storage . An alphameric record mark 
or group mark at the P-l and P addresses causes 
the buffer to be loaded with blanks and a "blank 
line" to be printed. 

Flag bits in the data area do not affect bcd 
buffer translation. 

5. Plotter: 

Sensing a record mark or a group mark in core 
storage. 



Each alphameric character in core storage is 
written on the output unit as a single character 
except for 1627 Plotter operations, during which 
alphameric characters sent to the Plotter are trans- 
lated into plotting commands. The character in 
core storage remains unchanged. No flag bit is 
written on the output unit. The P address must 
designate an odd-numbered core storage position. 

Timing. Same as Write Numerically. 

Dump Numerically (35) 

Description. Numeric information is transmitted seri- 
ally to an output unit beginning with the P address and 
continuing through successively higher-numbered ad- 
dresses. Transmission terminates after the character has 
been written from the highest-numbered position of 
the addressed core storage module. This address is 
19999, 39999, or 59999, depending on the 20,000-posi- 
tion module specified by the P address. 

If the output unit selected is the tape punch, an end- 
of-line character is punched in the tape immediately 
following the last character. If the output unit selected 
is the card punch, punching continues until all 80 
columns of the last card have been punched out. The 
instruction 35 00000 00400 causes the first 20,000 digits 
in core storage to be punched into 250 cards. If the start- 
ing address chosen is not ah exact multiple of 80 col- 
umns to the end of a 20,000-digit storage module, data 
from the last card overflows to the "low" end of the 
next module, or "wraps around" to address 00000 and 
successively higher-numbered addresses as required to 
completely punch out all 80 columns of the last card. 

Transmission to any output unit may also be ter- 
minated at any time by pressing the Release key on 
the 1620 console. 

In Printer operations, data is transferred to the print 
buffer from core storage, beginning at the P address 
and continuing through higher-numbered addresses 
until the buffer is filled. If the highest-numbered posi- 
tion of core storage is reached before the buffer is filled, 
data transfer continues from core storage addresses 
00000, 00001, etc. Record mark and group mark char- 
acters are transferred in the same manner as other char- 
acters. Only one print line, (one buffer load) occurs 
per Dump instruction. The printer output of numeric 
characters is shown in Table 5. 

A "dump memory" can be effected by a loop of three 
instructions: Dump, followed by Add Immediate (120 
or 144) to the Dump P address, followed by Branch 
back to the Dump. The Stop Key can be used to halt 
the routine. 

Except for the punchout on cards, each numeric 
character, as well as any single record mark character, 
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Table 5. Printer Output 



ALPHAMERIC DATA 



Character 


Core Storage 


Printer Output 
( Print Alphamerically ) 


Alpha. 


Num. 


(Blank) 


C 


C 


blank 


. (period) 


C 


C 21 




) 


C 


4 


) 


+ 


1 


C 


+ 


$ 


1 


C 21 


s 


* 




4 


* 


- (hyphen or minus) 


2 


C 




/ 


2 


1 


/ 


, (comma) 


2 


C 21 




( 


2 


4 


( 




C 21 


C 21 




@ 


C 21 


4 


@ 


A 


4 


1 


A 


I 


4 


C8 1 


I 


O(-) 


C 4 1 


C 




1 
J 


C 4 1 


1 


J 


R 


C 4 1 


C8 1 


R 


S 


C 42 


2 


S 


z 


C 42 


C8 1 


z 





421 


C 





9 


421 


C8 1 


9 




C 


C8 2 


terminates 




C 


C8421 


terminates 



NUMERICAL DATA 



Character 


Core Storage 


Printer Output 


Print Numerical 


Printer Dump 


0,1,2, ,9 








numerical blank 


C84 


blank 


@ 


record mark 
(*) 


C82 


terminates 


* 


group mark 
(*) 


C8421 


terminates 


G 








-,J/ rR 


(flagged) 








numerical blank 
(flagged) 


F84 


blank 




record mark 
(flagged) 


F82 


terminates 


W 


group mark 
(flagged) 


F8421 


terminates 


X 



is written on the output unit along with its flag bit 
(if any), except in 1627 Plotter operations. (In Plotter 
operations numeric characters sent to the Plotter are 
translated into plotting commands.) The character in 
core storage remains unchanged. This causes only the 
flag (X punch) of a to be punched in an output card, 
so that any subsequent printout of that character from 
the card will be a hyphen (Appendix C). 

An alphameric character (represented in core stor- 
age as two numeric digits) cannot be written on the 
output unit as a single character by this instruction. 

Timing. Same as Write Numerically. 

737 7 Disk Storage Drive Instructions 

Note: The following descriptions of disk storage in- 
structions are arranged in the following manner. 

1. Seek Instruction 

2. Instructions using group marks to establish cor- 
rect record length: 

a. Sector Mode 

Read Disk/WLRC 
Write Disk/WLRC 
Check Disk/WLRC 

Disk operations with records of less than or 
in multiples of 100 characters 

b. Track Mode 

Read Disk Track/WLRC 
Write Disk Track/WLRC 
Check Disk Track/WLRC 

3. Instructions not using group marks : 

a. Sector Mode 

Read Disk 
Write Disk 
Check Disk 

b. Track Mode 

Read Disk Track 
Write Disk Track 
Check Disk Track 
A summary of disk storage instructions is provided 
in Table 6. In the formulas for execution time of disk 
storage instructions, the following symbols are used: 
S = Number of sectors read or written 
T — Time in milliseconds ( ms ) 

Seek 

SK or 34 — Q,, of 1 

The execution of the Seek instruction causes the access 
mechanism, in the drive unit addressed, to be posi- 
tioned at the cylinder designated by the sector address 
in OR-1. When the operation is initiated, the access 



mechanism retracts to the "home" position which places 
the read/ write heads near the periphery of the disks. 
It then moves to the cylinder specified and remains in 
that location until another Seek instruction is given. 
The access mechanism need not be repositioned for 
subsequent read/write instructions within the same 
cylinder. 

Timing. The 1620 Central Processing Unit is inter- 
locked only until the sector address is transferred to 
the disk control unit ( 160 //,sec ) . Internal 1620 process- 
ing that does not involve disk storage can then con- 
tinue and overlap the seek operation. Calculating aver- 
age seek times is described in the section of the manual 
entitled timing. 

When the 1311 is attached to the 1710 Control Sys- 
tem, a Seek Complete interrupt is available as part of 
the Input/ Output Interrupts special feature. The Seek 
Complete interrupt signals the cpu that the Seek in- 
struction has been completed and that data can be 
transferred to or from disk storage. This allows the cpu 
to optimize available processing time during the seek 
operation. The Seek Complete indicator (42) provides 
a program test of this interrupt. 

Read Disk/WLRC 

RDGN or 36 — Q,, of 

Execution of this instruction causes a read/ write head 
to be selected as specified by the sector address in the 
disk control field. The selected head then scans the 
sector addresses recorded on the disk track until a 
matching address is found. When a sector address is 
found in disk storage that matches the sector address 
in OR-1, reading begins and continues for the number 
of sectors specified. As each character is read, it is 
stored in the core storage location specified and in 
sequentially higher-numbered positions. It should be 
noted that if the data transferred exceeds storage ca- 
pacity, reading will continue in location 00000 and in 
sequentially higher positions. 

If a matching address is not located within one com- 
plete revolution of the disks ( index point sensed twice ) , 
the operation is terminated and the Address Check in- 
dicator (36) is turned on. 

The sector address in OR-1 is incremented by one 
each time a sector is read. The sector addresses for each 
succeeding sector read are compared with the addresses 
in OR-1 to ensure correct sequential progression. If an 
address fails to compare, the operation is terminated 
and the Address Check indicator (36) is turned on. The 
address ( plus one ) that failed to match is in OR-1, and 
the number of sectors yet to be read, excluding the 
one whose address failed to match, is in PR-2. 
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Table 6. Summary of Disk Storage Instructions 



Mode 


Op 
Code 


Q ll 


Instruction 


Mnemonic 


Operation 




34 


1 


Seek 


SK 


Return access mechanism to "home" position and then 
move in to cylinder specified. 




36 





Read Disk/WLRC 


RDGN 


Transfer data from specified number of disk sectors to 
core storage. Check length of record. 


Sector 
Mode 


38 





Write Disk/WLRC 


WDGN 


Transfer data from core storage to specified number 
of disk sectors. Check length of record. 
Note: The Write Address key must be off. 




36 


1 


Check Disk/WLRC 


CDGN 


Compare data in specified number of disk sectors with 
data in core storage. Check length of record. 




36 


4 


Read Disk Track/WLRC 


RTGN 


Transfer addresses and data from the 20 sectors of one 
track to core storage. Check length of record. 


Track 
Mode 


38 


4 


Write Disk Track/WLRC 


WTGN 


Transfer address and data from core storage to the 20 
sectors of one disk track. Check length of record. 

Note: The Write AdrlrAtc Ua\/ mud kiA r\n 
i iviwi ■ i ic ti i iib nuu i cu ray fnusT uu on. 




36 


5 


Check Disk Track/V/LRC 


CTGN 


Compare addresses and data from the 20 sectors of a 
disk track with addresses and data in core storage. 
Check length of record. 




36 


2 


Read Disk 


RDN 


Transfer data from specified number of disk sectors 
to core storage. 


Sector 
Mode 


38 


2 


Write Disk 


WDN 


Transfer data from core storage to specified number 
of disk sectors. Note; The Write Address key 
must be off. 




36 


3 


Check Disk 


CDN 


Compare data from specified number of disk sectors 
with data in core storage. 




36 


6 


Read Disk Track 


RTN 


Transfer addresses and data from the 20 sectors of one 
track to core storage. 


Track 
Mode 


38 


6 


Write Disk Track 


WTN 


Transfer addresses and data from core storage to the 20 
sectors of one disk track. Note: The Write Address 
key must be on. 




36 


7 


Check Disk Track 


CTN 


Compare addresses and data from the 20 sectors of a 
disk track with addresses and data in core storage,. 



If the number of sectors read goes beyond one disk 
surface, a shift to the read /write head for the next disk 
surface is made automatically and reading continues 
without loss of time. If the end of the cylinder is 
reached, however, and the sector count has hot been 
decremented to 000, the operation is terminated and 
the Cylinder Overflow indicator (38) is turned on. 
Therefore, the greatest number of sectors that can be 
read with one instruction is 200, one full cylinder. 



As each character is read from disk storage, it is 
checked for parity. Failure to meet the parity check 
causes the Read indicator (06) to be turned on. The 
MBR-even indicator ( 16 ) or the MBR-odd indicator ( 17 ) 
is turned on to indicate a parity error in a character 
going into core storage. Any parity check will termi- 
nate the operation. 

This instruction checks, in addition to sector count, 
that the correct number of characters is transferred 
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from disk storage to core storage. A group mark stored 
in core storage in the location following the read-in area 
provides the correct termination of the operation. 

A group mark can cause an incorrect termination, 
which is indicated by the Wrong Length Record Check 
indicator (37) being turned on. This occurs when there 
is a group mark in core storage immediately following 
the last character of any sector except the last sector 
of the record. 

Group marks in core storage positions other than 
those immediately following a sector are simply re- 
placed by data from disk storage; they do not affect 
the operation. 

Timing. T = 22 + 2S average 

Write Disk/WLRC (WDGN or 38 — Q,, of 0) 

This instruction causes a read/write head to be selected 
as specified by the sector address in the disk control 
field. The selected head then scans the sector addresses 
recorded on the disk track until a matching address is 
found. If a matching address is not found within one 
complete revolution of the disks, or if a read-only flag 
is sensed in the matching address, the operation is ter- 
minated and the Address Check indicator (36) is 
turned on. When the sector address in OR-1 matches a 
sector address in disk storage, writing begins from the 
core storage location specified and continues sequenti- 
ally through higher-numbered positions for the indi- 
cated number of sectors. 

The sector address in OR-1 is incremented by one 
each time a sector is written, and the address preceding 
each sector in disk storage is compared against it to 
ensure the correct sequential succession. If an address 
fails to compare or if a read-only flag is sensed in a 
matching address, the operation terminates and the 
Address Check indicator (36) turns on. 

If the number of sectors written goes beyond one disk 
surface, a shift to the read/write head for the next disk 
surface is made automatically and writing continues 
without loss of time. However, if the end of the cylinder 
is reached and the sector count has not been decre- 
mented to 000, the operation terminates and the Cylin- 
der Overflow indicator (38) turns on. Therefore, the 
greatest number of sectors that can be written with one 
instruction is 200, one full cylinder. 

Indicators mbr-e (16) and mbr-o (17) are turned 
on to indicate a parity error in data from core storage. 
In addition, each character transferred to disk storage 
is checked for parity. Failure to meet the parity check 
causes the Write indicator (07) to turn on. Any parity 
check will terminate the operation. 

During Write Disk instructions the Write Address 
switch must be off. 

This instruction checks, in addition to the sector 



count, that the correct number of characters is trans- 
ferred from core storage to disk storage. A group mark 
stored in core storage in the location following the last 
position of the record provides the correct termination 
of the operation. It is important to use the wrong-length 
record check whenever practical to avoid the loss of 
disk storage data by writing beyond the intended num- 
ber of sectors. 

Group marks in disk storage do not affect the oper- 
ation, and are replaced by data from core storage. 

Timing. T = 22 + 2S average 

Check Disk/WLRC (CDGN or 36 — Q,, of l) 

This instruction provides the means for checking data 
written in disk storage against the same data in core 
storage. This verification is in addition to the record 
length check and parity check. Data written in disk 
storage should be verified by a Check Disk instruction 
after every Write Disk instruction, while the original 
data is still in core storage. 

A Check Disk instruction can also be used to ascer- 
tain if core storage data, such as tables, constants, etc., 
has been changed. 

Execution of this instruction causes the head to be 
selected as specified by the sector address OR-1. The 
selected head then scans the sector addresses recorded 
on the disk track until a matching address is found. If a 
matching address is not found within one complete 
revolution of the disks the operation terminates and the 
Address Check indicator ( 36 ) turns on. 

When the sector address in OR-1 matches a disk sec- 
tor address, reading begins at the sector specified and 
continues for the indicated number of sectors. As each 
character is read from disk storage it is compared, bit- 
by-bit and character-by-character, with the data in core 
storage, beginning with the address specified. Failure 
to compare terminates the operation at the end of the 
sector being read and turns on the Wrong-Length Rec- 
ord Check indicator (37). 

During Check Disk instructions, the sector address 
ih OR-1 is incremented by one each time a sector is 
written, and the disk address preceding each sector is 
compared to ensure the correct sequential succession. 
If an address fails to compare, the operation is ter- 
minated and the Address Check indicator (36) is 
turned on. 

If the number of sectors read goes beyond one disk 
surface, a shift to the read/write head for the next disk 
surface is made automatically and reading continues 
without loss of time. If the end of the cylinder is 
reached, however, and the sector count has not been 
decremented to 000, the operation is terminated and 
the Cylinder Overflow indicator (38) is turned on. 
Therefore, the greatest number of sectors that can be 
checked with one instruction is 200, one full cylinder. 
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Each character read out of disk storage is checked 
for parity. Failure to meet the parity check causes the 
operation to terminate at the end of the sector being 
read and the Read indicator (06) to turn on. In addi- 
tion, the MBR-even indicator (16) or the MBR-odd in- 
dicator (17) turn on to indicate a parity error in a 
character from 1620 core storage. Any parity check 
terminates the operation. 

This instruction checks, in addition to sector count, 
that the correct number of characters is transferred 
from disk storage for comparison with core storage. A 
group mark stored in core storage in the location fol- 
lowing the last position of the record provides the cor- 
rect termination of the record. The operation will be 
terminated, however, at the end of the sector being 
read, by the first group mark encountered in either core 
storage or disk storage, and the Wrong-Length Record 
Check indicator will be turned on. 

Timing. T = 22 + 2S, average 

Disk Operations with Records of Less Than or in 
Multiples of 100 Characters 

Read, Write, and Check Disk instructions can be per- 
formed with records of less than 100 characters or with 
records not in even increments of 100 characters; that 
is, 85, 145, etc. For example, an 85-character record 
could be used in a program in the following manner: 

1. The first time the record is written in disk storage, 
the core storage location it is written from must 
have a group mark following the last data char- 
acter. For this example, this would mean reserv- 
ing 86 positions in core storage and placing a 
group mark in the 86th position. 

2. The 85 positions of data and the group mark could 
then be written into disk storage and the 14 core 
storage positions following the group mark would 
also be written into disk storage to fill out the re- 
maining positions in the 100-position disk storage 
record. The Wrong-Length Record Check indi- 
cator would be turned on. 

3. Subsequently, whenever this record is read into 
core storage from disk storage, only the 85 data 
characters and the group mark are placed in core 
storage; the remaining 14 positions of the 100- 
position disk storage record are not read into core 
storage. The Wrong-Length Record Check indi- 
cator would be turned on. 

During a Check Disk instruction, a group mark in 
either core storage or disk storage stops the operation; 
if the record does not consist of an even increment of 
100 characters (as in the example above), the Wrong- 
Length Record Check indicator turns on. 



Read Disk Track/WLRC 
RTGN or 36 - Q,, of 4 

This instruction causes a full track of addresses and 
data (20 sectors) to be read into core storage and to 
be checked for correct record length. The group mark 
in core storage must be placed in the location following 
the 2100th character position to allow sufficient core 
storage positions for the five address positions followed 
by the 100 data positions for each of the 20 sectors. 
While it is not a requirement, the sector count in the 
disk control field should be set at 20 for consistent 
programming. 

Reading from the disk track always begins at the 
index point and continues for 20 sectors. This instruc- 
tion can be used to read a track on which an address 
check has occurred during a read operation in sector 
mode by merely changing the sector count to 20 and 
the Qn digit to 4 in the disk control field. No compari- 
son is made between the disk sector address and the 
sector address in OR-1 during this operation. 

A group mark, in the data being transmitted from 
disk storage, halts the operation at the end of the sector 
being read and turns on the Wrong-Length Record 
Check indicator ( 37 ) . Group marks in core storage, in 
other than the position following the 2100 positions of 
track data and addresses, do not affect the operation 
and are replaced by data from disk storage. 

Timing. T = 62 average 

Write Disk Track/WLRC 

WTGN or 38 — Q,, of 4 

The Write Address switch on the 1311 must be on in 
order to perform a Write Disk Track operation. This 
instruction causes a full track of addresses and data 
(20 sectors) to be written into disk storage and to be 
checked for correct record length. The group mark in 
core storage must be placed in the location following 
the 2100th character position to allow for the five ad- 
dress positions followed by the 100 data positions for 
each of the 20 sectors. While it is not a requirement, 
the sector count in the disk control field should be set 
at 20 for consistent programming. 

This instruction can be used for the initial recording 
of sector addresses, for changing read-only status, or 
for correcting an address. A read-only flag does not 
prevent writing when the Write Disk Track instruction 
is used. 

Writing with this instruction always begins at the 
index point, located on the disk surface between the 
end of the last sector and the beginning of the first one. 
Any sector address that is recorded on the track selected 
may be specified in the disk control field. When the 
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address is matched, writing begins the next time the 
index point is sensed. The Compare- Disable switch on 
the master disk storage drive can be turned on to allow 
writing a full track without address comparison., Cau- 
tion in the use of the Compare-Disable switch is neces- 
sary. Before writing tracks in this manner, determine 
that the proper disk pack is mounted and that the track 
should be written. 

A group mark anywhere in the record being trans- 
mitted from core storage turns on the Wrong-Length 
Record Check indicator (37) and terminates writing 
at the end of the sector containing the group mark. 
Group marks in the record in disk storage do not affect 
the operation and are replaced by data from core 
storage. 

Timing. T = 62 average 

Check Disk Track/WLRC 
CTGN or 36 — Qi i of 5 

This instruction causes a full track of addresses and 
data (20 sectors) to be read from disk storage, com- 
pared with addresses and data in core storage, and 
checked for correct record length. The group mark in 
core storage must be in the location following the 
2100th character position to allow enough core storage 
positions for the 5 address positions followed by the 
100 data positions for each of the 20 sectors. While it 
is not a requirement, the sector count in the disk con- 
trol field should be set at 20 for consistent programming. 

Reading with the Disk Track instruction always be- 
gins at the index point located on the disk surface be- 
tween the end of the last sector and the beginning of 
the first one. Any sector address recorded on the track 
addressed may be specified in the disk control field. 
When the address is matched, reading begins the next 
time the index point is sensed. 

A group mark stored in core storage in the location 
following the last position of the record provides the 
correct termination of the record. However, the opera- 
tion will be terminated ( at the end of the sector being 
read) by the first group mark encountered in either 
core storage or disk storage, and the Wrong-Length 
Record Check indicator will turn on. 

Timing. T = 62 average 

Read Disk 

RDN or 36 — Q„ of 2 

Data is read from disk storage and stored in 1620 core 
storage in 100-character multiples for the number of 
sectors specified. The operation is the same as for Read 
Disk/WLRC, except that group marks do not affect 
transmission or checking. Group marks in the record 
in disk storage are transmitted as data; group marks in 



the record in core storage are replaced by data. 

Timing. T = 22 + 2S average 

Write Disk 

WDN or 38 — Q„ of 2 

Data is transferred from core storage and written in 
disk storage in 100-character multiples for the number 
of sectors specified. The operation is the same as for 
Write Disk/WLRC, except that group marks do not 
affect transmission or checking. Group marks in the 
record in core storage are transmitted as data; group 
marks in the record in disk storage are replaced by data. 

Timing. T = 22 + 2S average 

Check Disk 

CDN or 36 — Q,, of 3 

Data is read from disk storage and compared with data 
in core storage in 100-character multiples for the num- 
ber of sectors specified. The operation is the same as 
for Check Disk/WLRC except that group marks do not 
affect checking. Group marks in disk storage and core 
storage are compared as data. 

This instruction can be used to check records of less 
than 100-character multiples and all records read or 
written without wrong-length record check. With this 
instruction, the group marks, and the succeeding data 
written to fill out the 100 sector positions, are com- 
pared bit-by-bit and character-by-character. 

Timing. T = 22 + 2S average 
Read Disk Track 

RTN or 36 — Q,, of 6 

This instruction causes a full track of addresses and 
data (20 sectors) to be read from disk storage and 
stored in 1620 core storage. The operation is the same 
as for Read Disk Track/WLRC, except that group 
marks do not affect transmission or checking. Group 
marks in the record in disk storage are transmitted as 
data; group marks in the record in core storage are 
replaced by data. 

Timing. T = 62 average 

Write Disk Track 

WTN or 38 — Q„ of 6 

This instruction causes a full track of addresses and 
data ( 20 sectors ) to be written in disk storage from core 
storage. The operation is the same as for Write Disk 
Track/WLRC, except that group marks do not affect 
transmission or checking. Group marks in the record in 
core storage are transmitted as data; group marks in 
disk storage are replaced by data in the record. 

Timing. T = 62 average 
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Check Disk Track 

CTN or 36 — Qi i of 7 

This instruction causes a full track of addresses and 
data ( 20 sectors ) to be read from disk storage and com- 
pared with addresses and data in core storage. The op- 
eration is the same as for Check Disk Track/WLRC, 
except that group marks do not affect checking. Group 
marks in disk storage and core storage are compared as 
data. 

Timing. T = 62 average 

Summary of the Effects of Group Marks in Disk 
Storage Operations 

A group mark is used to establish record length when 
the Wrong-Length Record Check feature is used. The 
group mark must be placed in core storage following 
the last position of the 'record to be written into disk 
storage, or following the last position of the area in 
core storage reserved for reading data from disk stor- 
age. Figure 37 is a block diagram illustrating the effects 
of group marks in disk storage operations. The effect of 
group marks is the same for both track mode and sector 
mode operations. 
The following two points are programming situations 



that may arise, and the programmer should be aware 
of how they affect a disk storage operation. 

1. If the group mark terminates a record that does 
not consist of an even increment of 100 positions 
(i.e., 85, 145, 470, etc. ) the group mark is written 
in disk storage and the Wrong-Length Record 
Check indicator turns on. When the same record 
is read back into core storage, the group mark in 
disk storage stops the operation and turns on the 
Wrong-Length Record Check indicator. 

2. If 300-position records (for example) are to be 
used in a program and the sector count in the disk 
control field has been set to 3, but the group mark 
has been incorrectly placed in position 201 of the 
record instead of in position 301, then, during a 
write operation, the group mark in core storage 
stops the operation and the I Wrong-Length Record 
Check indicator is turned on, but the group mark 
is not written in disk storage. In this example, al- 
though the group mark had not been placed in 
the correct position, it did establish a record in 
an increment of 100 (i.e., 200-position record) 
and, therefore, the group mark was not written in 
disk storage. 




YES 




Operation is terminated by a group mark 
in core storage following last position of 
record, or is terminated by a group mark 
anywhere in the record being transmitted 
from disk storage. Group marks in core 
storage, other than the terminal group 
mark are replaced by data. 



Operation is terminated by first group 
mark encountered in core storage or 
disk storage. 



Operation is terminated by a group mark 
in core storage following the last position 
of record, or by a group mark anywhere 
in the record being transmitted from core 
storage. Group marks in the record in 
disk storage are replaced by data. 



Figure 37. Effects of Group Marks on Disk Storage Operations 
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Program Control instructions 

Control (K-34) 

Description. This instruction is used for forms control 
on the console typewriter and on the 1443 Printer. The 
Q 8 and Q 9 digits contain 01 for console typewriter op- 
erations and 09 for 1443 Printer operations. The digit 
Qn contains the control code for typewriter operations, 
and Qio and Qn contain the control code for 1443 
Printer operations, as illustrated in Figure 38. 

Q 7 and the P address are not used. 



CONSOLE TYPEWRITER 


Operation 


Q Code 


Space 




1 


Return element 




2 


Back space 




3 


Index (line space - no element return) 


4 


Tabulate 




8 




1443 PRINTER 


Operation 


Qjq and Q ^ Code 




Space 


Space 




before print 


after print 


One space 


51 


21 


Two spaces 


52 


62 


Three spaces 


53 


63 


Operation 


Skip 


Skip 




before print 


after print 




Skip to Channel 1 


71 


41 


2 


72 


42 


3 


73 


43 


4 


74 


44 


5 


75 


45 


6 


76 


46 


7 


77 


47 


8 


78 


48 


9 


79 


49 


10 


70 


40 


11 


33 


03 


12 


34 


04 



Figure 38. Forms Control Codes 



Timing. The execution time depends upon the par- 
ticular control function performed. 

In operations involving the 1443 Printer, the cpu is 
interlocked for only 60 /xsec; after this time other opera- 
tions that do hot involve the 1443 can be overlapped 
with the control operation. The time required to per- 
form the skipping and spacing function is : 



Spacing and skipping 
before printing 


45 ms for the first line, plus 
10 ms for each additional line 


Spacing and skipping 
after printing 


First two lines included in print 
time; 10 ms for each additional 
line 



Approximate timings for operations involving the 
console typewriter are shown in the following table: 



Operation 


Time 


CPU 

Interlocked 


Available 
Overlap Time 


Return Element 


800 ms 


124 ms 


676 ms 


Tabulate 


250 ms 


56 ms 


194 ms 


Space 


56 ms 


56 ms 


None 


Backspace 


56 ms 


56 ms 


None 


Index 


124 ms 


124 ms 


None 



The time to return the printing element is shown 
here as the maximum time, from position 85 to position 
1; the time to tabulate is shown here as the time to 
tabulate across 20 of the printing positions. The timings 
given here are provided to indicate the overlap opera- 
tions possible. These approximate times should be suf- 
ficient for most timing requirements. More precise time 
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can be computed for these two operations by multiply- 
ing the number of print positions that the printing ele- 
ment is returned or tabulated, by 5.88 ms (the time 
required to move the print element one position ) . The 
overlap time available is computed by subtracting the 
cpu interlock time from the total time. 

Note: If the console typewriter is not used by the pro- 
gram for approximately five minutes, the drive motor 
is turned off to reduce noise and wear. However, the 
typewriter is still in ready status, although approxi- 
mately 0.5 sec is required to respond to a write or 
control instruction. 

Set Flag (SF-32) 

Description. A flag bit is placed at the P address, and 
a C bit is either added or removed to maintain correct 
parity. The original digit at the P address remains un- 
changed. The Q part of the instruction is not used. 

Timing. T= 70. 

Clear Flag (CF-33) 

Description. If a flag bit is present at the P address, it 
is removed and a C bit is added or removed to maintain 
correct parity. The digit at the P address remains un- 
changed. The Q part of the instruction is hot used. 

Timing. T = 70. 

Move Flag (MF-71) 

Description. This instruction moves a sign or a field- 
definition flag from the core storage location specified 
by the Q address to the location specified by the P 
address. For example, this instruction moves the sign 
from the units position of a product to the new units 
position of the half-adjusted result, or moves a field- 
definition flag to lengthen or shorten a field. 

If the location specified by the Q address is without 
a flag, the flag at the P address is cleared. If the loca- 
tion specified by the Q address has a flag, that flag 
position is cleared and a flag is placed at the P address. 
Thus, after the instruction is executed, the location spec- 
ified by the P address reflects the original absence or 
presence of a flag at the Q address; a flag at the Q ad- 
dress is always cleared. 

Figure 39 illustrates the movement of a positive sign 
which, in this example, removes a flag; Figure 40, the 
movement of the negative sign; Figure 41, the length- 
ening of a field. All three illustrate the programming 
required. 

This instruction can also be used in the case where 
only one position of the product is dropped after half- 
adjustment and the product is either negative or posi- 
tive. The programming for such a situation, using the 



Instruction: 



OPERATION 


p 

2 | 3 | 4 | 5 | 6 


a 

7 | 8 I 9 | 10 | 11 






M F 


| 1 

7 / 


13 259 


/ 435 6 



P Field 
Storage before ? — 
Move: (12 3 4 



Core Storage Addresses: 2 
5 
9 



Storage after 
Move: 




Flag over the "3" is cleared because 
there is no flag over the "6" . 

Figure 39. Move Flag, Positive Sign 



Instruction: 



M F 



7 I 
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00 9 7 



JW] 



9 9 



Product before 
Half-Adjust: 

Product after 
Half-Adjust: 

Core Storage Addresses: 

Product after 
MF Instruction: 

Desired Result: 
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Flag is moved within same field. Note that no flag 
remains over the "7" after execution of the MF instruction. 

Figure 40. Move Flag, Negative Sign 



Move Flag instruction, is shown in Figure 42. The first 
Move Flag instruction saves the sign by placing it over 
its own O , or leftmost position. The second Move Flag 
instruction returns the sign to the new rightmost posi- 
tion of the half adjusted result. The flag bit can be 
stored in any p jsition in which it cannot be mistaken 
for a field-definition flag, a sigh flag, or an indirect- 
address flag. 

Timing. T = 80. 
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Instruction: 



Four Digit Field 
before Move: 



Core Storage Addresses: 



Six Digit Field 
after Move 
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1 1 
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1 2 9 6 6 



8 5 4 6 2 3 




8 5 4 6 2 3 



Flag is moved within same field. Note that no flag 
remains over the "4" after execution of MF instruction. 

Figure 41. Move Flag, Lengthen Field 



Halt (H-48) 

Description. The Halt instruction stops the 1620 in 
manual mode. If the Start key is pressed, and the 
computer is in manual mode, the 1620 changes to auto- 
matic mode and executes the next instruction in se- 
quence. The P and Q parts of the instruction are not 
used. 

Timing. T = 60. 

No Operation (NOP-41) 

Description. This instruction performs no operation 
and advances the computer to the next instruction in 
sequence. The P and Q parts of the instruction are not 
used. 

Timing. T = 60. 
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Move Flag (Restore) 
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Figure 42. Move Flag to Half -Adjust One Position 



Flag is successively 
moved to "7" (and 
cleared from "6"); 
then from "7" to 
"0" after half- 
adjustment is 
completed 
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Floating-Point Instructions 

FLOATING-POINT ARITHMETIC 

Scientific and engineering computations frequently 
involve lengthy and complex calculations in which it is 
necessary to manipulate numbers that may vary widely 
in magnitude. To obtain a meaningful answer, prob- 
lems of this type usually require that as many signi- 
ficant digits as possible be retained during calculation 
and that the decimal point always be properly located. 
When applying such problems to a computer, several 
factors must be taken into consideration; the most im- 
portant of which is decimal point location. 

Generally speaking, a computer does not recognize 
the decimal point present in any quantity used during 
the calculation. Thus, a product of 414154 will re- 
sult regardless of whether the factors are 9.37 x 44.2, 
93.7 x .442, or 937 x 4.42, etc. It is the programmer's 
responsibility to be cognizant of the decimal point 
location during and after the calculation and to ar- 
range the program accordingly. In a floating add op- 
eration, for example, the decimal point of all numbers 
must be lined up to obtain the correct sum. To facili- 
tate this arrangement, the programmer must shift the 
quantities as they are added. In the manipulation of 
numbers that vary greatly in magnitude, the resulting 
quantity could conceivably exceed allowable working 
limits. 

The processing of numbers expressed in ordinary 
form, e.g., 427.93456, 0.0009762, 5382, -623.147, 
3.1415927, etc., can be accomplished on a computer 
only by extensive analysis to determine the size and 
range of intermediate and final results. This analysis 
and subsequent number scaling frequently takes longer 
than does the actual calculation. Furthermore, number 
scaling requires complete and accurate information as 
to the boundaries of all numbers that come into the 
computation (input, intermediate, output). Since it is 
not alwavs possible to predict the size of all numbers 
in a given calculation, analysis and number scaling are 
sometimes impractical. 

To alleviate this programming problem, a system 
must be employed in which information regarding the 
magnitude of all numbers accompanies the quantities 
in the calculation. TJius, if all numbers are represented 
in some standard, predetermined format which in- 
structs the computer in an orderly and simple fashion 
as to the location of the decimal point, and if this repre- 
sentation is acceptable to the routine doing the calcula- 
tion, then quantities which range from minute fractions 
having many decimal places to large whole numbers 
having many integer places can be handled. The arith- 
metic system most commonly used, in which all num- 



bers are expressed in a format having the above feature, 
is called "floating-point arithmetic." 

The notation used in floating-point arithmetic is 
basically an adaptation of the scientific notation widely 
used today. In scientific work, very large or very small 
numbers are expressed as a number, between one and 
ten, times a power of ten. Thus 427.93456 is written as 
4.2793456 x 10 2 -and 0.0009762 as 9.762 x 10 4 . In the 
1620 floating-point arithmetic system, the range of num- 
bers is modified to extend between .1 and .99999999, 
that is, the decimal point of all numbers is placed to 
the left of the high-order (leftmost) nonzero digit. 
Hence, all quantities may be thought of as a decimal 
fraction times a power of ten (e.g., 427.93456 as 
.42793456 x 10 3 and 0.0009762 as .97620000 x 10 3 ) 
where the fraction is called the mantissa, and the power 
of ten, used to indicate the number of places the deci- 
mal point was shifted, the exponent. In addition to the 
advantages inherent in scientific notation, the use of 
floating-point numbers during processing eliminates the 
necessity of analyzing the operations to determine the 
positioning of the decimal point in intermediate and 
final results, since the decimal point is always immedi- 
ately to the left of the leftmost nonzero digit in the 
mantissa. 

1620 AUTOMATIC FLOATING-POINT OPERATIONS 

In 1620 Automatic Floating-Point Operations, a float- 
ing-point number is a field consisting of a variable 
length mantissa and a 2-digit exponent. The exponent 
is in the two rightmost positions of the field, and the 
mantissa is in the remaining high-order positions, as 
shown : 

M . . . . MEE 

The mantissa must have a minimum of two digits 
and can have a maximum of 100 digits. However, when 
two fields are operands (quantities being added, sub- 
tracted, multiplied, divided), they must have mantissas 
of the same length. The extremity of the field is marked 
by a flag over the leftmost digit. 

The exponent is established on the premise that the 
mantissa is less than 1.0 and equal to or greater than 
0.1. The exponent is always two digits and has a range 
of —99 to +99. The length of the exponent field is 
defined by a flag over the leftmost ( tens ) digit. 

The mantissa and the exponent each have an alge- 
braic sign represented by the presence (negative) or 
absence (positive) of a flag over the rightmost position. 
A floating-point number with a negative mantissa and 
a negative exponent is represented as follows : 

M . . . . MEE 
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Sign control of the results of all computations is main- 
tained according to the standard rules of arithmetic 
operations. 

Six floating-point instructions are provided: four are 
for arithmetic computations, Floating Add, Floating 
Subtract, Floating Multiply, and Floating Divide; two 
are used to control field size and location, Floating 
Shift Right and Floating Shift Left. Two additional in- 
structions are used in floating-point operations but they 
are basic instructions in the system; Transmit Floating 
and Branch and Transmit Floating. The six floating- 
point instructions depend upon the presence of flags 
over the high-order digits of the mantissa and expo- 
nent. Therefore they should be used only with data in 
the floating-point format. 

All instructions are in 1620 format of a 2-digit Op 
code, 5-digit P address, and 5-digit Q address. 

As an aid to the programmer or operator in checking 
program logic and computation results, the operation 
of the computer in aligning decimal points, normalizing 
results, etc., is described with each instruction. These 
operations are automatic and need not be programmed. 
Of particular note is Floating Divide, which requires 
only one instruction; the dividend is positioned, di- 
vision is accomplished, and the quotient is transmitted 
to the P field without further command. 

In descriptions of instructions and operations, the 
following symbols are used for clarity and brevity: 

Mp = mantissa of the field at the P address 
Mq = mantissa of the field at the Q address 
Ep = exponent of the field at the P address 
Eq = exponent of the field at the Q address 
L = number of digits in the mantissa 
d = Ep — Eq 

In all floating-point numbers, the decimal point is 
assumed to be at the left of the leftmost digit which 
must not be zero. Such a number is referred to as "nor- 
malized." When a number has one or more high-order 
zeros, it is considered to be "unnormalized." An un- 
normalized number resulting from a floating-point 
computation is normalized automatically but unnor- 
malized terms are not recognized as such when entered 
as data. They will be processed, but correct results can- 
not be assured. Therefore, it is necessary that all data 
be entered in normalized form. For example, the num- 
ber 0682349405 should be entered as 6823494004, as- 
suming the fixed-point number is 6823.494, and an 
8-digit mantissa is required. 

With the exception of Floating Shift Right and Float- 
ing Shift Left, the P address and Q address of floating 



point fields are the addresses of the rightmost positions 
of the exponents. 

Floating Add (FADD-01) 

Description. Mq is added to Mp and the result re- 
places Mp. Mq and Eq are not altered in core storage. 
Depending on L and the value of d, the appropriate field 
is shifted to align decimal points before addition is 
performed. If d = 0, no shift is made ( Figure 43 ) . 
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Figure 43. Addition Without Mp of Mq Shift 



If d is greater than zero and less than L, in effect, 
Mq is shifted d positions to the right before being 
added to Mp. The number of rightmost digits of Mq 
equal to d are truncated as the shift is made (Figure 
44 ) . If d is less than zero and the absolute value of d 
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Figure 44. Mq Shifted Right to Align Decimal Points 

is less than L, Mp is shifted Idl positions to the right 
before Mq is added to Mp. The number of rightmost 
digits of Mp equal to Idl are truncated as the shift is 
made. Eq replaces Ep (Figure 45). If d is plus and 
equal to or larger than L, Mp is above the range of 
Mq and no addition is performed ( Figure 46 ) . If d is 
less than zero and Idl is equal to or greater than L, Mq 
is above the range of Mp, and no addition is performed; 
Mq replaces Mp, and Eq replaces Ep (Figure 47). 
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Figure 45. Mp Shifted Right to Align Decimal Points 
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Figure 46. Mp Above Range of Mq 
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Figure 47. Mq Above Range of Mp 



After addition has been completed, the number of 
Mp digits is checked to determine if it exceeds L. If so, 
this is an overflow condition; the rightmost digit of Mp 
is truncated, and the mantissa is shifted one position 
to the right. A one is entered in the leftmost position 
of the mantissa, and a one is added to Ep ( Figure 48 ) . 
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Figure 48. Mantissa Overflow, Number Normalized 



When an overflow does not exist, Mp is scanned for 
zeros beginning with the leftmost position. High-order 
zeros are counted ( z ) , and Mp is shifted z positions to 
the left; vacated positions are set to zeros. Flag bits in 
Mp are not altered or moved. Eq — z replaces the Ep 
(Figure 49). 

Timing. T = 10 ( 15 + 2.2L) average 
10L Recomp. Time. 
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Figure 49. High-Order Zeros, Number Normalized 



Floating Subtract (FSUB-02) 

Description. The floating subtract operation is the 
same as the floating add operation except that sign con- 
trol procedures for Mq are reversed. 

Timing. Same as Floating Add. 

Floating Multiply (FMUL-03) 

Description. Mp is multiplied by Mq and the result re- 
places Mp. Ep is added to Eq and the sum replaces 
Ep. Mp and Ep are normalized, as required, after multi- 
plication. Mq and Eq are not altered in core storage. 
The product is formed in the product area beginning 
at 00099 and extending through lower-numbered core 
storage positions to 00100 — 2L. The product area, 
00080-00099, is cleared automatically prior to multi- 
plication. If L is greater than 10, the program must 
provide for clearing positions 00100 — 2L through 
00079. After multiplication, the digit at position 00100 
— 2L is tested for zero. If the digit is other than a zero, 



Core Storage Locai ions 
01590- ► 01599 


Instruction 


Core Storage Locations 
01590- »01599 


Before 


After 


Mp 


Ep 


Mq 


Eq 


OP 


P 


Q 


Mp ' 


Ep 


Mq 


Eq 


7 8 9 


3 


4 5 6 


1 


3 


15 9 4 


15 9 9 


3 5 9 


2 


4 5 6 


1 



Figure 50. Product Equal To 2L 



the field at 00099 — L replaces Mp (Figure 50). If the 
digit tested is a zero, the field at 00100 — L replaces 
Mp and Ep + Eq —1 replaces Ep (Figure 51 ). 

Timing. T= 10 (28 + 3L + 4L Z + 4L (L - L z )) 
L z = number of zeros in mantissa. 
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Figure 51. Product Less Than 2L 



Floating Divide (FDIV-09) 

Description. Mp is divided by Mq and the quotient 
replaces Mp. Eq is deducted from Ep and the result 
replaces Ep. Mp and Ep are normalized, as required, 
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after division; Mq and Eq are not altered in core stor- 
age. The quotient and remainder are developed in the 
product area beginning at 00099 and extending through 
lower-numbered core storage positions to 00100 — 2L. 
The product area, 00080-00099, is cleared automatically 
prior to division. If L is greater than 10, the program 
must provide for clearing positions 00100 — 2L through 
00079. Prior to division, the absolute values of Mp and 
Mq are compared. If|Mp|is equal to or greater than 
|Mq|,Mp is transmitted to 00100 — L and division is per- 
formed, starting at 00100 — L. The quotient at 00099 
— L replaces Mp, and Ep — Eq + 1 replaces Ep (Fig- 
ure 52 ) . 
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Figure 52. Divisor Equal To or Less Than Dividend 



If|Mp|is less than|Mq|,Mp is transmitted to 00099 
— L; division starts in 00100 — L. The quotient at 00099 
— L replaces Mp, and Ep — Eq replaces Ep (Fig- 
ure 53). 
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Figure 53. Divisor Greater Than Dividend 



Division by zero causes the Arithmetic Check indi- 
cator (14) to be turned on. Mp is not altered, but Ep 
is replaced by Ep — Eq. 

Timing. T= 10 (34.5 + 27L + 9.75L 2 ) average 

(assuming average quotient digit of 4.5). 

Floating Shift Right (FSR-08) 

Description. The field at the Q address ( the portion of 
the mantissa to be retained ) is shifted right to the loca- 
tion specified by the P address. The exponent is not 
moved or altered. The effect of this instruction is to 
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shrink the mantissa by shifting it to the right and 
truncating the rightmost digits. The P address is nor- 
mally the units position of the mantissa; the digit at the 
Q address becomes the new rightmost digit of the man- 
tissa. Vacated leftmost positions are set to zeros. An 
existing flag bit at the P address is retained for alge- 
braic sign; the field flag bit is transmitted with the left- 
most digit of the Q field and terminates the operation 
(Figure 54 ) . 

The P address should always be greater than the Q 
address; a P address less than or equal to the Q address 
will produce errors. 

Timing. T = 10 (7 + 2L). 
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Figure 54. Floating Shift Right 



Floating Shift Left (FSL-05) 

Description. The field at the Q address, which is the 
rightmost position of the mantissa, is shifted left so 
that the leftmost digit is moved to the location specified 
by the P address. The exponent is not moved or altered. 
The effect of this instruction is to expand the mantissa 
by shifting it to the left and filling the vacated positions 
with zeros. It is important to note that the Q address 
is the rightmost position of the field moved and the 
P address is the leftmost position of the resulting field. 
An existing flag bit at the Q address is retained for 
algebraic sign; the field flag bit is transmitted with the 
leftmost digit of the Q field (Figure 55). 
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Figure 55. Floating Shift Left 



If the mantissa is expanded to a length greater than 
2L, any extraneous flag bits in core storage positions 
between the old leftmost position and the new right- 
most position of the mantissa must be cleared before 
the fsl instruction is given. Therefore, if Q — P is equal 
to or greater than 2L, locations P + L through Q — L 
must be free of flags. 



Contrary to other instructions in the floating-point 
series, this instruction is executed in the transmit record 
manner of transmitting individual digits in a left to 
right sequence. After the rightmost digit has been trans- 
mitted, the positions of the expanded mantissa are set 
to zero, in ascending core storage location sequence. 
After each position is set to zero, the succeeding posi- 
tion is checked for a flag bit. If the fraction is positive, 
the flag bit is assumed to be the leftmost position of the 
exponent and the operation stops without altering the 
flag bit position. If the fraction is negative, the flag bit 
is assumed to be the rightmost position of the fraction, 
and a negative zero is inserted in this position before 
the operation stops. Thus, a flag bit detected prior to 
the previous leftmost position of the mantissa, stops the 
operation and results in an incorrect mantissa. 

For example, if P = 01590, Q = 01601, and L = 4, 
core storage locations 01590 through 01603, with an 
extraneous flag bit in 01596, appear as follows: 

XXXXXXXXMMMMEE 

After transfer of the mantissa, but before the zero-fill 
operation, the core storage locations appear as follows 
(note that the flag bit in 01598 has been cleared ) : 

MMMMXXXXMMMMEE 

Upon completion of the operation, the mantissa is in- 
correct, as follows: 

MMMM00XXMMMMEE 

If 01596 had not contained a flag bit, the mantissa 
would have been expanded correctly, as follows : 

MMMM000O000OEE 

Timing. T = 10 (7 + 2L + 2L ') 

L' = length mantissa is increased by 
shift. 

Mantissa and Exponent Analysis 

ZERO MANTISSA 

When a floating-point computation results in a zero 
mantissa, a special floating-point zero is created in the 
form 00 ... . 099, which is the smallest positive 
quantity that can be represented (Figure 56). A zero 
mantissa causes the Equal/Zero indicator (12) to be 
turned on. Zeros entered as data should be in floating- 
point zero form. Zero quantities in other forms, e.g., 
00 . . . .000 will be processed, but results cannot be 
assured. 
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Figure 56. Zero Mantissa 



INDICATORS 

The four indicators associated with Automatic Float- 
ing-Point Operations are represented by lights on the 
1620 console. The light for each indicator is turned on 
when the corresponding indicator is turned on. The 
High/Positive and Equal /Zero lights are located in 
the Control Gates section of the console, and the Arith- 
metic Check and Exponent Check lights and Overflow 
switch are in the Indicator Displays and Switches 
section. 

High /Positive (11). The High /Positive indicator and 
light are turned on when the mantissa resulting from 
a floating-point computation is greater than zero. 

Equal /Zero (12). The Equal/Zero indicator and light 
are turned on to indicate a zero mantissa resulting from 
a floating-point computation. 

Arithmetic Check (14). During floating-point opera- 
tions, the Arithmetic Check indicator is turned on when 
division is attempted by zero. Division by an unnor- 
malized number may result in an incorrect quotient 
through incorrect positioning of the divisor. 

Exponent Check (15). The Exponent Check indicator 
is turned on by exponent overflow or underflow. 

EXPONENT OVERFLOW 

When an exponent greater than +99 is generated, the 
mantissa is set to nines. The sign is determined by the 
computed result that caused the overflow. The expo- 
nent is set to +99. This is the largest floating-point 
number (99 ... . 999) that can be represented. If 
the generated mantissa is positive, the h/p indicator 
(11) is also turned on. 

EXPONENT UNDERFLOW 

When an exponent less than —99 is generated, the 
mantissa is set to plus zeros, and the exponent is set 
to —99. This is the smallest floating-point number 
(00 ... . 099) that can be represented. The e/z in- 
dicator is also turned on. 

An exponent underflow is not indicated when one or 
both operands are zero. 

When the Exponent Check indicator ( 15 ) is turned 
on, program operation is controlled by the console 
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Overflow Check switch which is also connected to the 
Arithmetic Check indicator (14). The exponent Check 
indicator (15) is turned off by programmed interroga- 
tion or by depression of the 1620 Reset key. 

MARS DISPLAY SELECTOR ( 1620 CONSOLE) 

Operand Register 4. OR-4 is used to store and control 
the address of Eq. 

Operand Register 5. OR-5 is used to store and control 
the address of Ep. 

Counter Register 1. CR-1 is used to store the alge- 
braic difference between Ep and Eq for determination 
of decimal alignment. It is also used to count high- 
order zeros when normalizing; the contents of CR-1 are 
subtracted from Ep. 



Index Registers Instructions 

It becomes necessary in some 1620 programs to perform 
the same operations repetitively, with a change only in 
the P or Q address. The changing of an address while 
retaining the rest of the instruction is called address 
modification. Address modification can result in savings 
in the number of program steps and in the number of 
storage positions required. In some cases, the program it- 
self determines if and how addresses are to be changed 
in order to perform the correct program steps for condi- 
tions that arise during the processing of data. 

Modifying storage addresses, each time a repetitive 
operation is performed, requires several program steps 
and additional storage locations which must be set 
aside for this purpose. 

When the Index Registers feature is installed, 14 in- 
dex registers are provided in the ibm 1620 Processing 
Unit to modify addresses automatically. This means 
that fewer instructions are needed and storage space is 
conserved, thus providing for faster program execution 
and over-all simplification of programming effort. 

METHOD OF ADDRESS MODIFICATION 

The primary use of index registers is to modify ad- 
dresses automatically by adding the contents of an 
index register to an address. Both the P address and the 
Q address can be modified by the contents of any index 
register. Only core storage addresses can be modified. 

The modification of the P and Q addresses occurs in 
their respective address registers. For instance, if the 
P address is indexed, the indexing occurs in the OR-2 
register. This means the original instruction in storage 
is in no way changed or modified. 

Instructions are provided with this feature to load 
and modify these registers. 



PROGRAMMING ADVANTAGES 

The Index Registers feature offers many programming 
advantages, the greatest of which is the ability to modi- 
fy instructions in a program loop. For example, without 
index registers, to add four fields to another field, it is 
easier (and as efficient) to use four separate add in- 
structions rather than to program a loop to use one add 
instruction four times. With index registers, however, 
the operation can be programmed with one add instruc- 
tion and one instruction to modify the index register. 

When more than one instruction address in a pro- 
gram loop requires modification, an even greater sav- 
ings in core storage and programming time can result 
with the use of an index register. For example, assume 
that core storage contains two sets of ten quantities; 
Al through A10 and Bl through BIO. The problem is to 
program a loop to add Al to Bl, A2 to B2, . . .A10 to 
BIO. Without index registers, and disregarding initiali- 
zation, this requires a minimum of four instructions. 

With the indexing feature, the 1620 Model 2 can be 
programmed to solve the above problem in two steps, 
one add instruction, and a combination compare-modi- 
fy-branch instruction. (See the Branch Conditionally 
and Modify Index Register instruction. ) 

Two bands of 7 index registers are available. The core 
storage addresses for the 14 index registers are shown in 
Figure 57. An instruction is provided to select the seven 
index registers in Band 1, or the seven in Band 2, or to 
select the "no" Index Register mode. 

Only one register of a band is used at a time. The 
individual register is selected by a combination of flag 
bits in the tens, hundreds, and thousands positions of 
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Figure 57. Index Registers Addresses 
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the P and/or Q addresses of the instruction to be mod- 
ified. As shown in Table 7, an instruction address with 
a flag bit in the tens position specifies Index Register 1 
( of the band previously selected ) . Likewise, an instruc- 
tion address with flag bits in all three positions specifies 
Index Register 7 of the selected band. 

An instruction address that contains an index register 
flag is said to be "indexed." 



Table 7. Index Registers Identification 



Address 


IX 


OOOOO 


1 


00000 


2 


00000 


3 


00000 


4 


00000 


5 


00000 


6 


00000 


7 



EFFECTIVE ADDRESS COMPUTATION 

Computation of the effective address uses five digits 
from the index register regardless of any flags in the 
index register. Flags in the index register are not added 
to the effective address. 

All indexed addresses are considered positive even if 
a flag is over the units position; the value in the index 
register, however, can be negative; and when the alge- 
braic sum of the two is negative, the result is expressed 
in 10's complement form ( Figure 58 ) . An invalid effec- 
tive address, such as that shown in Figure 58, will result 
in a mar check. 



IX Selected by Q Flags 
/ \ IX 1 



oo 


PPPPP 


15005 | 




| 15010 


Branch 






Address 










Adder 











Note: The computation of an effective address does not 
alter the condition of the High/Positive, Equal /Zero, 
or Overflow indicators. 

INDEXING EXECUTION TIME 

Ah additional 50 /xsec are required during I-time for 
each address that is indexed. 

INDEXING AND INDIRECT ADDRESSING 

Any P or Q address that is a core storage location can be 
indexed. Any address that can be indexed can also be 
an indirect address. However, the Q address of the in- 
structions used for indexing (operation codes 60-67) 
cannot have an indirect address. When an address is 
both indirect and indexed, the indexing takes prece- 
dence; the resulting effective address then becomes an 
indirect address. The address specified by the indirect 
address can also be indexed and /or indirect. This chain 
can continue until the final effective address is not ah 
indirect address. 

INDEX REGISTER MODIFICATION 

The new contents of a modified index register is the 
algebraic sum of the former contents and the modifying 
amount (Figure 59). When a sign change occurs, the 
correct result is in the index register. Negative amounts 
are expressed in true form, for example, minus 196 as 
00196. 

When Band has been selected (no index register 
mode) and an index register operation code (61-67) 
is given, the instruction is considered invalid and the 
computer stops. However, if an index register operation 
code (61-67) is given and no flags are present in the 
Qs-Qio positions of the instruction — in effect, no index 
register is specified — theh the operation is performed, 
the computer does not stop, but of course, no index 
register is acted upon. It should be noted that in an 
error of this type, the data from the Q address is actually 
placed into core storage as follows: 



Band 1 selected 
Band 2 selected 



positions 00300- 00304 
positions 00340- 00344 



IX Selected by Q Flags 

/ \ 



IX 1 
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Adde 



99995 
(Effective Q Address) 



Figure 58. Indexing, Negative Result After Modification 



Figure 59. Index Register Modification 



61 



These two core storage locations can actually be con- 
sidered as Index Registers "0." They can be modified 
and tested or used as a counter; however they cannot 
be used for address modification. 

PROGRAM INDICATORS 

Three additional indicators are provided with the In- 
dex Registers feature. These indicators provide the 
ability to determine, by programming, which band of 
index registers is selected. The condition of the indi- 
cators can be tested by the Branch Indicator or Branch 
No Indicator instructions. The indicators are not affec- 
ted by the testing. 

The indicators as shown in Table 8 are considered 
to be on when the condition shown exists. 



Table 8. IX Band Program Indicator 



Indicator 


Condition 


30 


Neither Band Selected 


31 


Band 1 Selected 


32 


Band 2 Selected 



INDEX REGISTER INSTRUCTIONS 

Eight additional instructions are provided with the 
Index Registers feature: seven for loading, storing, and 
modifying, and one Move Address instruction. Pro- 
vision is made through the Branch and Select instruc- 
tion to select Band 1, Band 2, or "no band." 

The Q addresses of the new instructions either specify 
the location of data or in immediate instructions, con- 
tain data. Flag bits are used in the Q 8 , Q 9 , and Q 10 
positions to specify an index register. (Refer to Table 
7. ) The P address is a branch address. 

Five of the instructions are unconditional branch 
instructions; after index register, loading, storing, or 
modifying, the computer branches to the P address. 
Two instructions are of the conditional branch type; 
after modification of an index register, a branch is 
initiated only if the contents of the modified index 
register are not zero or have not changed sign. 

Branch and Select (BS-60) 

Description. The Branch and Select instruction pro- 
vides for IX band selection or no band selection. The 
selected band remains selected until another Branch 
and Select instruction is executed or until power is re- 
moved from the system. The Reset key has no effect on 
band selection. The "ho band" mode is selected auto- 
matically when power is applied to the system. The 



Q7 - Q10 positions of the instruction are not used. The 
selection desired is indicated by the Q lt digit as shown 
below: 

0-IX Band (no band) 

1 — IX Band 1 ( Index Registers 1-7 ) 

2 — IX Band 2 ( Index Registers 1-7 ) 

The P address specifies the next instruction to be exe- 
cuted. This instruction is also used to turn the indirect 
addressing feature on and off; this function is described 
under Logic Instructions. 

Timing. T = 60. 

Branch and Modify Index Register (BX-61) 

Description. This instruction is used for index reg- 
ister modification. The field designated by the Q ad- 
dress is added to the selected register. The index reg- 
ister is selected by flags in the Q 8 - Q 10 positions of the 
instruction ( Figure 60 ) . 

The field to be added to the register is not limited to 
five digits; thus, one or more registers can be modified 
with one instruction. For example, to modify index reg- 
isters 4, 5, and 6, the length of the Q field must be 15 
positions and the Q 8 - Q10 positions of the Q address 
would be flagged for index register 6; however, prior 
to this instruction the flags in index registers 4, 5, and 6 
would have to be removed. (The leftmost flag in regis- 
ter 4 would not have to be removed. ) The length of the 
index register field is determined by the leftmost flag bit 
in that field; the leftmost flag bit in the Q field defines 
its length. As in a normal add operation, the number of 
positions added depends upon the length of Q field and 
of the index register field ( s ) . 

The High/Positive or Equal/Zero indicator is set 
according to the results of the modification. The Over- 
flow Check indicator is turned on only if the Q field is 
longer than the index register field(s). An overflow 
that occurs as a result of a "carry" out of the leftmost 
position of the index register field(s) does NOT turn 
on the Overflow indicator and the overflow digit is lost. 
The P address specifies the next instruction to be exe- 
cuted. 

Timing. T = 10 ( 6.5 + .5 D Q + L x ) 

L x = length of index register field(s). 

Branch and Modify Index Register 
Immediate (BXM-62) 

Description. This instruction is similar to the Branch 
and Modify Index Register instruction except that the 
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Figure 60. Branch and Modify Index Register 



five digits in the Q portion of the instruction are used 
as the modifier ( Figure 61 ) . Flags in the Q field specify 
the index register to be modified. A flag in Qu indicates 
a negative modifier. 

Timing. T = 140. 

Branch Conditionally and Modify Index 
Register (BCX-63) 

Description. This instruction is similar to the Branch 
and Modify Index Register instruction except that a 
branch to the P address is conditional. The P address 
specifies the next instruction to be executed if (after 
modification) the sign of the index register has not 
changed or the result is not zero. ( If more than one in- 
dex register is modified, only the sign of the rightmost 
register is considered. ) If the sign has changed or the 



result is zero, the next sequential instruction is exe- 
cuted. If an overflow would result from a carry out of 
the leftmost position of the index register field, the next 
sequential instruction is executed (Table 9). 

Timing. T = 10 (6.5 + 5D Q + L x ) 

L x = length of index register fields ( s ) . 



Table 9. Conditional Branch Examples 



Modifier 


IX (before) 


IX (after) 


Branch 


00005 


00015 


00010 


Yes 


00010 


00010 


00000 


No 


00010 


00008 


00002 


No 


00005 


00025 


00020 


Yes 


00020 


00020 


00000 


No 


00010 


00005 


00005 


No 


00006 


99995 


00001 


No 


00040 


99970 


99930 


Yes 


00035 


99985 


00020 


No 



Branch Conditionally and Modify Index Register 
Immediate (BCXM-64) 

Description. This instruction is similar in operation 
to the Branch Conditionally and Modify Index Register 
instruction except that the five digits in the Q portion 
of the instruction are used as the modifier ( Figure 61 ) . 
Flags in the Q field specify the index register to be 
modified. A flag in Q 1X indicates a negative modifier. 

Upon completion of the index register modification, 
a branch to the P address is conditional as described 
for the bcx instruction. 

Timing. T = 140. 
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Branch and Load Index Register (BLX-65) 

Description. This instruction loads the five digits of 
data specified by the Q address to the selected index 
register. The flags in Q 8 - Q 10 positions select the appro- 
priate register. 

A flag bit in the units position of the Q field is trans- 
ferred to the index register and a flag is automatically 
placed over the high-order position of the index regis- 
ter field. No other flags are transferred ( Figure 62 ) . 

The P address specifies the next instruction to be 
executed. 



Figure 61. Branch and Modify Index Register Immediate 



Timing. T = 140. 
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Figure 62. Branch and Load Index Register 



70 00500 



00600 



Before 6 4 4 5 1 



After 3 7 16 6 



Figure 64. Move Address 
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Branch and Load Index Register Immediate (BLXM-66) 

Description. This instruction is similar to the Branch 
and Load Index Register instruction except that the Q 
portion of the instruction is used as the data. 

Timing. T = 140. 

Branch and Store Index Register (BSX-67) 

Description. This instruction stores the five digits of 
the selected index register at the Q address ( Figure 63). 
If the contents of the index register are negative, a flag 
is stored with the units position. A flag is automatically 
placed in the leftmost position of the stored data. No 
other flags are transmitted. 

Timing. T = 140. 
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Figure 63. Branch and Store Index Register 



Move Address (MA-70) 

Description. The Move Address instruction causes 
the five digits specified by the Q address of the instruc- 
tion to be moved to the P address ( Figure 64 ) . Flags in 
the P field remain unchanged. 

Timing. T = 140. 



Binary Capabilities Instructions 

Ten instructions are provided with the Binary Capabil- 
ities feature. The H/P and E/Z indicators are set as in 
other arithmetic instructions. Octal fields have the same 
flexibility and restrictions that exist for decimal fields. 
Generally, fields must be at least two digits in length; a 
flag is used to specify the high-order digit of the field. A 
brief description of the characteristics of the decimal, 
binary, and octal number system is provided before the 
instruction descriptions. 

Number Systems 

DECIMAL 

The decimal number 1375, for example, can be ex- 
pressed as 1(10 3 ) + 3(10 2 ) + 7(H) 1 ) + 5(10°) which 
equals 1000 + 300 + 70 + 5. (Any number with a zero 
exponent equals one. ) 

BINARY 

Binary data consists of two digits, zero and one. Thus, 
the decimal digits through 9 are expressed in binary 
form, as follows: 

DECIMAL BINARY DECIMAL BINARY 



0000 

0001 
0010 
0011 
0100 



0101 
0110 
0111 
1000 
1001 



Note that a one in the rightmost position of the binary 
number is equivalent to a decimal one; a one in the 
second position is equivalent to a decimal 2; a one in 
the third position, to a 4; a one in the fourth position, 
an 8; if there was a fifth position, a one in that position 
would be equivalent to 16; a one in the sixth, 32, and 
so on. The decimal equivalent of each position is twice 
that of the position to its right. 



OCTAL 



Octal data is expressed to the base 8 just as decimal 
and binary data are expressed to the base 10 and 2. 
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Thus, equivalent octal numbers progress as follows: 



DECIMAL 


OCTAL 


DECIMAL 


OCTAL 


1 


1 


17 


21 


2 


2 


23 


27 


7 


7 


24 


30 


8 


10 


31 


37 


9 


11 


32 


40 


15 


17 


39 


47 


16 


20 


40 


50 



The octal number 2537, for example, is equal to the 
decimal number 1375; this relationship is explained in 
the following section. 

Numbers, in systems other than decimal, are identi- 
fied by subscripts to indicate the number system they 
represent. Thus, the preceding octal number 2537 is 
expressed as 2537 8 . 

Numbers without subscripts are assumed to be deci- 
mal. 

Number Conversion 

The Read Binary instruction of the Binary Capabilities 
feature reads binary data from the 1621. The binary 
data is stored in octal form as it enters core storage. 
Although this conversion is done automatically, a brief 
comparison of the two forms is given to show their re- 
lationship. 

BINARY TO OCTAL CONVERSION 

The first three positions of the binary number system 
have a maximum decimal equivalent of 7 (111 2 = 7). 
Because seven is the highest number in the octal sys- 
tem, a binary number can be separated in 3-position 
groups — each group representing the equivalent octal 
number, for example, 010101011111 2 can be separated 
as follows: 

,010, jLOi ,011, ,111, 
2 5 3 7 

Thus, 010101011111 2 = 2537 8 

Octal to binary conversion is, of course, simply the 
reverse of binary to octal. 

OCTAL TO DECIMAL CONVERSION 

Octal numbers can be converted to decimal numbers 
by expanding each position, as follows: 

25378 equals 2(8 3 ) + 5(8 2 ) + 3(8 1 ) + 7(8°) 
2(512) + 5(64) + 3(8) + 7(1). 
2537 8 = 1375 10 



DECIMAL TO OCTAL CONVERSION 

Decimal numbers can be converted to octal numbers 
by succesive divisions by eight until a zero quotient is 
obtained. The remainders, in the reverse order, form 
the octal number. For example, 1375 10 is converted to 
2537 8 as follows: 

Divisions Remainders 



171 

8fl375 10 7 



21 

8 1 171 3 



2 

8|"2T 5 





8 [2" 2 1 

2537 8 



Branch On Bit (BBT-90) 

Description. The Q 8 through Qn digits of the instruc- 
tion specify a four-digit core storage address (0000- 
9999). The bit configuration of the digit at this ad- 
dress is compared with the bit configuration of the Q 7 
digit of the instruction. If any bit of the Q T digit cor- 
responds to any bit in the digit specified by Q 8 - Qn 
( the C bit is excluded from this comparison ) , the 1620 
branches to the P address. If no successful comparison 
occurs, the next instruction in sequence is executed. 
Both the P address and the Q 8 - Qn address may be in- 
direct addresses. The Q 8 - Qn address is restricted to 
the first 10,000 positions of core storage. An indirect 
Q 8 - Qn address, however, makes possible the place- 
ment of the digit at any core storage address. 

Figure 65 shows that the digit at 00500 is compared 
with the Q 7 digit. Since there is no 1-bit in the data at 
00500, the branch does not occur. 

Timing. T = 70. 

Branch on Mask (BMK-91) 

Description. The Q 8 through Qn digits of the in- 
struction specify a four-digit core storage address 
(0000-9999). The bit configuration of the digit at this 
address is compared with the bit configuration of the 
Q 7 digit of the instruction. A branch to the P address 
occurs when the 8, 4, 2, and 1 bits that make up the Q 7 
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Branch to P Address 
Figure 65. Branch on Bit 



No Branch 



digit are also present in the digit specified by the Q 8 - 
Qn address. The flag bit is considered in the com- 
parison only if the digit at Q 7 contains a flag bit. If the 
Q 7 digit does not contain a flag bit, the presence of a 
flag bit in the data at Q 8 - Qu is of no consequence. If 
the comparison is not successful, the next instruction in 
sequence is executed. 

Although the Q 8 - Qu address is restricted to the first 
10,000 positions of core storage, an indirect Q 8 - Qu ad- 
dress makes possible the placement of the digit at any 
core storage address. Both the P address and the Q s - 
Qu address may be indirect addresses. 

Timing. T = 70. 

OR To Field (ORF-92) 

Description. The or logic consists of two inputs and 
a resulting output based upon the presence or absence 
of input bits as shown in Figure 66. The or logic pro- 
vides an output bit if either one of the inputs contains 
a bit. 

The 4, 2, and 1 bits of each digit of the P field and the 
4, 2, and 1 bits of the corresponding digits of the Q field 
become successive or logic inputs. C bits and 8 bits are 
ignored. The resulting output replaces the P field data, 
as shown in Figure 67. C bits are added where required 
for correct parity. Flag bits in the P field are retained. 
Any 8 bits in the P field are destroyed. The first flag 
bit in the Q field terminates the operation. Q field data 
is not altered. 

Figure 68 shows data flow for the instruction 
92 00500 00600. The resulting data 3767 replaces the 
original P data 9127. The flag bit in the tens position of 
the P field is not disturbed. The Equal/Zero indicator 
is turned on if the resultant field has no numerical bits. 



P Field 



Q Field 



Input 

IOOO I IOOI 



O I I I 



P Field 



10 1 I IOI I 



Output 



Figure 66. OR Logic 



AND to Field (ANDF-93) 

Description. The and logic also consists of two inputs 
and a resulting output based on the presence or ab- 
sence of input bits. The difference between and and or 
logic is that or logic provides an output bit if either one 
of the inputs contains a bit; whereas, and logic provides 
an output bit only when both inputs contain a bit, as 
illustrated in Figure 69. 

The and to Field instruction operates in the same 
manner as the or to Field instruction except that and 
logic is used in place of or logic. The 4, 2, and 1 bits of 
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Timing. T = 10 (6 + 2 D Q ). 



Figure 67. OR To Field, One Digit 
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Figure 68. OR To Field - Data Flow 
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Figure 69. AND Logic 
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Figure 70. AND To Field, One Digit 



each digit of the P field and the 4, 2, and 1 bits of the 
corresponding digits of the Q field become successive 
and logic inputs as illustrated in Figure 70. 

For example, using the same data as that used in Fig- 
ure 68, the resulting output is 1001, as shown in Figure 
71. The Equal /Zero indicator is turned on if the re- 
sultant field has no numerical bits. 

Timing. T = 10 (6 + 2D Q ). 
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2|6|3|6|4|1 




1001 (Output) 



Figure 71. AND To Field - Data Flow 



Exclusive OR to Field (EORF-95) 

Description. The operation of the Exclusive or to 
Field instruction is similar to that of the or to Field 
instruction. The only difference is that the octal data 
in the P and Q fields is exclusive ORed — that is, the Ex- 
clusive or logic provides an output bit if either one 
of the inputs contains a bit, but NOT if both inputs 
contain a bit, as illustrated in Figure 72. 



Input 



P Field 
Q Field 



10 I 10 1 



I I I 



¥ ? 



P Field 



10 1 I 10 10 



Output 

Figure 72. Exclusive OR Logic 
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The 4, 2, and 1 bits of each digit of the P field and 
the 4, 2, and 1 bits of the corresponding digits of the 
Q field become successive Exclusive or logic inputs as 
illustrated in Figure 73. 

The Equal/Zero indicator is turned on if the re- 
sultant field has no numerical bits. 

Timing. T = 10 (6 + 2D,). 
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Figure 74. Complement Octal Field 
Table 10. Complementing Octal 



Q Data 


8 


9 


7 


4 


2 


Bit configuration of 
each Q digit 


1000 


1001 


0111 


0100 


0010 


Q Data (Octal) 





1 


7 


4 


2 


Bit configuration after 
complementing (8 bits 
disregarded) 


0111 


0110 


0000 


0011 


0101 


Resulting P Data (Octal) 


7 


6 





3 


5 



Figure 73. Exclusive OR to Field, One Digit 



Complement Octal Field (CPLF-94) 

Description. The Q data is complemented on an octal 
basis and transmitted to the P field. Conversion and 
transmission are terminated by the first flag bit de- 
tected in the Q data field even if a flag bit is present in 
the units position. The flag in the Q field is transmitted. 

Since the octal system has no digit higher than 7, only 
the 4, 2, and 1 bits of each digit are complemented and 
transmitted. The 8 bits are neither complemented nor 
transmitted. The C bit is added to each complemented 
digit when required for parity. For example, a 4 digit 
is complemented to a 3 digit, and a C bit is added for 
parity. All replaced P data is lost. The Equal /Zero in- 
dicator is turned on if the resultant field has no numeri- 
cal bits. 

Figure 74 shows that Q data at 00600 is comple- 
mented to 76035 and stored at the P address. The orig- 
inal Q data remains at the Q address. Table 10 shows 
how the numerical bits of each digit are complemented. 
Although the 8 bit is shown with the 4, 2, and 1 bits of 
each digit, it, like the C and F bits, is not comple- 
mented. Note however, that the 8, 4, 2, and 1 bits actu- 
ally form the binary representation of the decimal digit. 

Timing. T = 10 (6 + 2 D Q ). 



Octal to Decimal Conversion (OTD-96) 

Description. The principle of octal to decimal con- 
version has been previously explained. The 1620 ac- 
complishes this conversion by using a table of numbers 
to the base eight. (A table of any number system less 
than or equal to nine can be used to convert numbers 
to base ten. ) 

If for example, the octal fields to be converted do 
not exceed 13 digits in length, the table need not con- 
tain any powers of eight higher than 12, as follows: 



6871 9476736858993 



NJ SO VJ NJ >. 

/. /. I LIU 

2 1443276 84096512640801* 



812 




811/ / 8 6 8 5 8 4 8 3 8 2 8 1 8 



From the table it can be seen that 8 12 equals 68, 719, 
476,736 10 which equals 1000000000000 8 (13 digits). 
The larger the size of the octal field, the higher the 
power of eight number that must be stored. A 14-digit 
octal number, for example, would require that the 
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table be expanded to include 8 13 . The table may be 
stored anywhere in core storage. 

The core storage address of the units digit of the 
table must be known to the programmer. The P address 
of the Octal to Decimal Conversion instruction specifies 
this address; in the preceding example the address is 
00399. 

The Q address specifies the address of the units digit 
of the octal field to be converted. A flag bit determines 
the length of the Q field. 

The decimal equivalent of the octal number is de- 
veloped from the power-of-eight table, as follows: Re- 
call the principle of octal to decimal conversion, where 
2537 8 = 2 ( 8 3 ) + 5 ( 8 2 ) + 3 ( 8 1 ) + 7(8°). Note that 
each digit of the octal number correlates with a power- 
of-eight number — the units digit with the 8°, the tens 
digit with 8\ the hundreds digit with 8 2 , etc. The Octal 
to Decimal Conversion instruction is accomplished by 
multiplying each octal digit by its corresponding power 
of eight number, as illustrated in Figure 75. The multi- 
ply table is used and the products of these multiplica- 
tions are developed and summed in the product area. 
The units digit and sign of the converted number is lo- 
cated at 00099; the leftmost digit is automatically 
flagged. 

Before the product was formed, the Product Area 
(00080 through 00099) was cleared to zeros. If the 
results of the octal to decimal conversion will exceed 
these 20 positions, the positions in excess of 20 ( 00079, 
00078, etc. ) must be cleared to zeros before this instruc- 
tion is executed. 

Timing. - 10 (28 + D Q (2D Q -1) ) 

Decimal to Octal Conversion (DTO-97) 

Description. The principle of decimal to octal con- 
version has been previously explained. The 1620 ac- 
complishes decimal to octal conversion in a similar 
manner, as follows: 

The P address of this instruction specifies the address 
where the leftmost digit of the resultant octal number 
is to be stored. 



2 X (8 3 ) = 


2X512 = 


1024 


5 X (8 2 ) = 


5X 64 = 


320 


3 X (8 1 ) = 


3X8 = 


24 


7X(8°) = 


7X1 = 


7 

1375 



Figure 75. Octal to Decimal Conversion 



The Q address specifies the address of the units digit 
of the power-of-eight number to be used in the first sub- 
traction. Recall that decimal to octal conversion is a 
series of divisions. Division is accomplished in the 1620 
by successive subtractions The power-of-eight number 
that must be addressed is one less than the number of 
digits that will be in the resultant octal field. If the 
octal number is to be five digits long, the fifth table 
entry ( 8 4 or 4096 ) is addressed. The programmer must 
know the size of the octal field that will be developed 
and the core storage address of the units digit of each 
power-of-eight number. If the 8° number, 01, is stored 
at 00399, the 8 1 units digit would be stored at 00397, 
the 8 2 units digit at 00395, etc. 

The decimal field to be converted must be located 
at 00099 before this instruction is executed. The divisor, 
specified by the Q address, is successively subtracted 
from the decimal number. Because the Q address spec- 
ifies a divisor whose value is in proximity to the value 
of the dividend, the remainder has no significance and 
no more than seven successful subtractions should oc- 
cur. An eighth successful subtraction would turn on the 
Overflow indicator. The quotient digit is developed in 
the Multiplier /Quotient register and automatically 
transferred to the P address. The first quotient digit, 
which is the leftmost digit of the octal number, is auto- 
matically flagged. The next power-of-eight number is 
then subtracted from the remaining dividend and the 
second quotient digit is developed and transferred to the 
P address plus one. This series of divisions of power- 
of-eight numbers into remaining dividends continues 
until the last entry ( 8° ) has been used as a divisor. The 
last entry of the table is defined by a record mark to the 
right. Figure 76 shows how the decimal number 99999 
is converted to the octal number 303237. The instruc- 
tion 97 00500 00386 causes the 8 5 number to be sub- 
tracted from the decimal number. Three successful sub- 
tractions occur and the quotient digit 3 is stored at the 
P address 00500. The 8 4 number cannot be successfully 
subtracted from the remaining dividend (overdraws 
and corrections are not shown) and a zero is trans- 
ferred to 00501. The 8 3 number is successfully sub- 
tracted three times, and a 3 is transferred to 00502. 
Two successful subtractions occur with the 8 2 number 
and a two is transferred to 00503. The 8 1 number and 
the 8° number are successfully subtracted 3 and 7 times, 
respectively. The detection of the record mark at 00400 
stops the instruction execution. The developed quo- 
tient digits form the octal number 303237 at core stor- 
age locations 00500-00505 

Timing. T = 10 (31 + T Q + 4.125 T Q (T Q + 1 ) ) 
Tq = Position number of table addressed 
average octal digit = 3.5 
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Instruction: 97 00500 00386 










Stored 


Decimal number at 00095-00099 


99999 


octal digits 


8 5 number at 00382-00386 


32768 




First subtraction 


6//0 1 


1 




32768 




Second subtraction 


n A A i o 

o446o 


I 




32768 




Third subtraction 


01695 


3 


8 4 number at 00387-00390 


4096 




No successful subtraction 


01695 


30 


8 3 number at 00391-00393 


512 




First subtraction 


01183 


301 




512 




Second subtraction 


00671 


302 




CIO 




Third subtraction 


00159 


303 


8 2 number at 00394-00395 


64 




First subtraction 


00095 


o(JJ 1 




64 




Second subtraction 


00031 


3032 


8 1 number at 00396-00397 


08 




After three subtractions 


00007 


30323 


8° number at 00398-00399 


01 




After seven subtractions 


00000 


303237 



Figure 76. Decimal to Octal Conversion 



The P address of this instruction must refer to an 
odd-numbered storage location. Reading continues un- 
til an End-of-Line (eol) character is interpreted. Note 
that the tape feed code is converted to 77 in core storage 
as shown in Figure 77. A tape character containing 
punches in all eight channels is treated as a tape feed 
code. 

Timing. Time depends upon the size of the input rec- 
ord. Speed of the Paper Tape Reader is 150 cps. 

Write Binary Paper Tape (WBPT-39, Q 8 9 -32) 

Description. The Write Binary Paper Tape instruc- 
tion causes the 1, 2, and 4 bits of two adjacent core 
storage positions to be punched into one column of 
paper tape. The 1, 2, and 4 bits of odd-numbered core 
storage positions are punched into the 1, 2, and 4 tracks, 
respectively. The 1, 2, and 4 bits of even-numbered core 
storage positions are punched into the 8, O, and X 
tracks, respectively. 

The P address of this instruction must refer to an odd- 
numbered position of core storage. Writing (punching) 
continues until an alphameric record mark ( 0=^= ) char- 
acter is encountered in core storage. The record mark 
is translated to an eol punch in paper tape. 

Timing. Time depends upon size of output record. 
Speed of the Tape Punch is 15 cps. 



Read Binary Paper Tape (RBPT-37, Q ,-33) 

Description. The Read Binary Paper Tape instruc- 
tion operates in a manner similar to the Read Alpha- 
merically (paper tape) instruction. Both instructions 
translate a single column to the 1620 two-digit form. The 
difference is that this instruction transfers the 8, O, and 
X tracks to even-numbered core storage locations as 
1, 2, and 4 bits, respectively. The 1, 2, and 4 paper tape 
tracks are entered as 1, 2, and 4 bits into odd-numbered 
core storage positions. C bits are added to the core stor- 
age positions wherever necessary to maintain correct 
parity. 




Figure 77. Read Binary Translation 
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1620 Console 



The 1620 console (Figure 78) is an integral part of the 
Central Processing Unit and provides for manual or 
automatic control of the system. The console lights, 
keys, switches, and typewriter are used to: 
Instruct the machine manually 
Display machine and program status indicators 
Display the contents of core storage and registers 
Place data and instructions in core storage 
Alter the contents of core storage 
Alter machine functions 

Machine Status and Program Switches 
(Figure 79) 

Small incandescent lights are used to represent the on 
and off conditions of internal check indicators. Eight 
console switches (four Program and four Machine 
Check) are provided to externally control the execu- 
tion of machine functions for which two alternative 
"logic paths" are provided. One or the other of the paths 
is selected, depending upon the setting of the appro- 
priate switch. 

Machine operation may be altered bv the condition 
of a machine check indicator and an associated check 
switch An indicator that is turned on causes the com- 
puter to halt if the associated check switch is set to stop, 
or to continue in automatic mode if the associated check 
switch is set to program. Regardless of the check switch 



setting, the associated check light provides a visual sign 
of the indicator status. 

Disk Storage, Parity, i/o, and Overflow Check indi- 
cators are provided. Pressing the Reset kev turns oil the 
Disk and Overflow indicators and lights. Pressing the 
Check Reset key turns off the Parity and i/o Check in- 
dicators and lights. 

Disk Storage Indicators 

Three Disk Storage indicators and lights are used when 
the 1311 Disk Storage Drive is attached to the system. 

ADDR CHK (Address Check) Indicator. If the disk 
address specified in the disk storage instruction (except 
Read Disk Track) is not found on the designated track 
within one complete revolution of the disk pack, the 
operation is terminated and the Address Cheek indi- 
cator and light are turned on. The indicator and light 
are also turned on if more than one sector is specified 
in the operation, and the address of the second sector 
(or the address of any additional sector in physical 
sequence) fails to compare to its corresponding incre- 
mented address from the Disk Control Field. 

This indicator is also turned on when more than one 
disk drive or more than one read /write head is selected 
during a disk operation. If this condition exists, a 
read disk track or a seek operation causes the Address 
Check indicator to be turned on. 
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WLR/RBC (Wrong-Length Record /Read-Back 
Check) Indicator, This dual-purpose indicator and 
light are turned on by two conditions: 

1. If a 000 sector count and a group mark fail to 
correspond at the end of a read, write, or check 
disk operation, or if data records read from disk 
storage or written to disk storage are not in even 
increments of 100 characters. 

2. If, during a check disk operation, the data in disk 
storage docs not compare character-b\ -character 
and bit-by -bit with the corresponding data in core 
storage 

CYL O'FLOW (Cylinder Overflow) Indicator. This 
indicator and light are turned on if a disk storage oper- 
ation completes the reading or writing of the last sector 
on a cylinder without the sector count being decre- 
mented to (MK). This condition terminates the operation. 



Parity Check Indicators 

Internal data flow errors are recorded by the Parity 
Check indicators: mbr-e and mbr-o. Normally the 
Parity Check switch is set to program so that errors 
can be interrogated by programming. 

MBR-E (Memory Buffer Register-Even) Check In- 
dicator. This light and indicator are turned on w hen 
the digit in the even address portion of the mbr or mir 
has a parity error. An error stops the machine immedi- 
ately, if the Parity switch is set to stop. 

MBR-O (Memory Buffer Register-Odd) Check In- 
dicator. This light and indicator are turned on when 
the digit in the mid address portion of the mbr or mir 
has a parity error. An error halts the machine immedi- 
ately if the Parity Check switch is set to stop. 

AMflS (Memory Address Register Storage) Cheek 
Indicator. This light is turned on w hen a digit in mars 




DISK PARITY I/O O FLOW PROGRAM 

SWITCHES 

ADDR CHK MAR CMK PR CHK 

• • • 

WIR RBC MBR F CHK RD CHK EXP CHK ON ON ^ 

• • • <* m 



i 

CVl OHO MBR O CHK WR CHK AR1TH CHK 



OFF OFF 



I I I 1 

STOP STOP STOP STOP ON ON 

PROGRAM PROGRAM PROGRAM PROGRAM OFF OFF 



Figure 79. Indicator Lights and Switches 
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has a parity error or ah invalid address. These errors 
halt the machine immediately The setting of the Parity 
Check switch has no effect upon this indicator. 

Input/Output (I/O) Check Indicators 

PR (Printer) Check. This indicator and light are 
turned on by the 1443 Printer when an output char- 
acter with an even number of bits is detected while 
entering or leaving the print buffer. It is also turned on 
by a Sync Check. If the i/o Check switch is set to stop 
the 1620 halts after the line is printed. If the i/o Check 
switch is set to program and a Sync Check error is de- 
tected, the 1620 continues processing but the 1443 stops 
after the line is printed. 

RD CHK (Read Check) Indicator. This light and in- 
dicator are turned on when ah input character with a 
parity error is detected before conversion to bcd code. 
An error halts the machine after the input operation is 
complete, if the i/o Check switch is set to stop. 

WR CHK (Write Check) Indicator. This light and in- 
dicator are turned on when an output character with ah 
even number of bits is detected during conversion from 
bcd to output code. The effect on machine operation as 
a result of detection of this parity error varies, depend- 
ing on the output unit selected and the position of the 
i/o Check switch, as shown in Table 11. 



Overflow Indicators 

EXP CHK (Exponent Check) Indicator. This indi- 
cator is used during Automatic Floating-Point opera- 
tions ( special feature ) . An exponent overflow or under- 
flow that occurs durihg an arithmetic operation using 
floating-point instructions turns on the Exponent Check 
indicator and light. When the Overflow Check switch 
is set to stop and the Exponent Check indicator is 
turned oh, the computer halts at the end of the instruc- 
tion being executed. If the Start key is depressed, the 
Exponent Check indicator remains on and the com- 
puter continues to execute instructions. 

When the Overflow Check switch is set to program 
and the Exponent Check indicator is turned on, the 
computer continues to operate in the automatic mode. 
The indicator can be interrogated and turned off by 
the program. The indicator and light can be turned off 
by pressing the Reset key. 

ARITH CHK (Arithmetic Check) Indicator. Ah over- 
flow that occurs as a result of an add, subtract, divide, 
or compare operation turns on the Arithmetic Check 
indicator and light. When the Overflow Check switch 
is set to stop and the Arithmetic Check indicator is 
turned on, the computer halts at the end of the instruc- 
tion being executed. If the Start key is depressed, the 
Arithmetic Check indicator remains on, and the com- 
puter continues to execute instructions in the auto- 
matic mode until another overflow occurs. 



Table 11. Write Check Errors 



Output Unit 


I/O Check Switch Position 


Stop 


Program 


Typewriter 


1620 halts after printing all characters from 
transmitted record. 


Output operation is completed and 1620 can 
branch to an error subroutine. 


Tape Punch 


1620 halts as soon as an erroneous character 
is punched. Tape does not advance. 


1620 halts as soon as an erroneous character is 
punched. Tape does not advance. 


Card Punch 


1620 halts after core-storage to buffer- 
storage transfer. Card is not punched. 


Output operation is completed and 1620 can 
branch to an error subroutine. 


Printer 


1620 halts after the line is printed 


Output operation is completed and 1620 can 
branch to an error subroutine 


1311 Disk Storage 


1620 halts at the end of a sector, or at the 
end of the last sector on a track if a 
complete track is being read. 


Same as above. 
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When the Overflow Check switch is set to program, 
and the Arithmetic Check indicator is turned on, the 
machine continues to operate in the automatic mode. 
The indicator can be interrogated and turned ofF by the 
program. 

Console Program Switches 

The modifier switches in this group, labeled program 
switches on the console, are numbered 1 through 4. 
A branch in the program occurs when a switch specified 
by a Branch Indicator instruction has been set to on 
bv the console operator. 

When the switch specified is set to off, no branch 
occurs from the Branch Indicator instruction and the 
next instruction in sequence is executed. 

When a Branch No Indicator instruction is used to 
interrogate one of these switches, the branch occurs 
w hen the switch is set to off. 



Control Switches, Keys, and Signal Lights 

Control keys (Figure 80) are used for performing cer- 
tain manual operations and for convenient instruction 
entry. Signal lights associated with the control keys pro- 
vide a visual indication of a specific operating condition 
of the computer and indicate the step of the keying 
procedure last completed. 

The manual and automatic lights are described first 
because of the effect of the manual and automatic 
modes of operation upon other keys. 



Automatic and Manual Lights. When the Manual 
light is on and the Automatic light is off, it indicates 
that the computer is in manual mode In manual mode, 
the computer has terminated all operation and is pre- 
pared to accept operator intervention. The Manual 
light is off when the computer is in automatic mode. 

When the Automatic light is on it indicates that the 
computer is in automatic mode, that is, while execu- 
ting a stored program or while transferring data to or 
from an input/output unit. 

Manual mode is initiated and the Manual light is 
turned on bv the execution of a Halt instruction or bv 
pressing the Stop key or by pressing the Release key 
(on an i/o operation only). Pressing the Start key, In- 
sert key, or Display mar key initiates automatic mode 
and turns off the Manual light. The Save light, Read 
Interlock light, or W rite Interlock light can be on when 
the Manual light is on. 

Both the Manual and Automatic lights are on when 
an instruction is single-cycled with the sce key; how- 
ever, the computer is in automatic mode until the in- 
struction has been single-cycled to completion. When 
the instruction is completed the Manual light remains 
on and the Automatic light is turned off. 

Power On/Off Switch - Power On Light. The power 
On/Off switch has an on and off position. Set to the 
on* position, it applies electrical power to the computer 
and turns on the Power On light. Turning power on 
turns the Mask, IA (Indirect Addressing) and IX Band 
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indicators on and turns the Interrupt, IX Band 1, and 
IX Band 2 indicators off. 

Reset Key. The Reset key is used to restore machine 
status indicators, machine check indicators, and signal 
lights to their initial or reset condition and to mask all 
interrupts ( in the 1710 Control System ) . This key also 
resets the Parity and I/O indicators. The Reset key is 
operative only in the manual mode When the com- 
puter is in the automatic mode, the Stop / sie key should 
be pressed to put the computer in the manual mode 
and permit use of the Reset key. 

Modify Key. This key is used in conjunction with the 
Check Reset key to reset core storage to zeros: 

1. Press the Modify and Check Reset keys simulta- 
neously. This sets up the circuitry required to 
clear core storage. 

2. Press the Start key. Core storage is set to zeros. 

If the Modify and Check Reset key are pressed si- 
multaneously in error, pressing the Reset key nullifies 
the clear-storage circuitry that was set up. This key is 
operative only in the manual mode. 

Check Reset Key. Pressing this key resets the follow- 
ing indicators: mbr-o, mbr-e, mar, wr chk, rd chk, and 
pr chk. It is operative when the computer is in either 
automatic or manual mode. 

Display MAR. This key is used to display one of the 
twelve mars registers in the following manner: 

1. The mars Display Selector switch is set to the 
register to be displayed. 

2. The Display mar key is pressed. The contents of 
the selected register are placed into the mar reg- 
ister and displayed in mar display lights 

The selector switch should not be turned while the 
Display mar key is pressed. This key is operative only 
when the computer is in the manual mode. 

Save Key and Save Light. Pressing this key turns on 
the Save light and transfers the address in Instruction 
Register 1 (IR-1) to Product Address Register 1 (PR- 
1 ) . The next Branch Back instruction executed in the 
program causes the Save light to be turned off and the 
address in PR-1 to be transferred back to IR-1. 

If the Reset key is pressed before the Branch Back 
instruction is executed, the address in PR-1 is lost. The 
Check Reset key does not effect the Save key opera- 
tion. If a multiply operation is performed before the 
Branch Back instruction is used, the saved address is 
lost because the contents of PR-1 are decremented for 
each new multiply digit during a multiply operation. 

This key is operative only when the computer is in 
the manual mode. 



Insert Key and TWPR SEL Light. Depression of the 
Insert key places the 1620 in automatic mode, turns on 
the twpr (Typewriter) Select light and activates the 
typewriter keyboard so that direct entry of up to 100 
characters may be made in numeric mode, starting at 
address 00000 and continuing into higher-numbered 
storage positions. After the 100th character has been 
entered the computer is returned to manual mode. The 
Insert key is operative only when the computer is in 
the manual mode. The Insert key on the typewriter has 
the same function. 

The twpr sel light is turned on any time the console 
typewriter is selected or performing an input/output 
operation 

Release Key. The Release key is used to terminate any 
input/output operation, including console keyboard 
entry of data into core storage. When this key is 
pressed, manual mode is initiated, the Manual light is 
turned on and, if it is on, the twpr sel light is turned off. 

The Release key is operative only when the com- 
puter is in automatic mode and is performing an I/O 
operation. 

Start Key. The Start key is used to start program 
processing and to put the computer in automatic mode. 
Pressing the Start key turns on the Automatic light and 
turns off the Manual light. It is operative only when 
the computer is in manual mode. 

Stop /SIE (Single Instruction Execute) Key. Depres- 
sion of the Stop/siE key stops the computer in manual 
mode at the end of the instruction being executed when 
the key is depressed. 

The Stop/siE key also serves as a Single Instruction 
Execute key. Successive depressions of the key cause 
one instruction to be executed for each depression. The 
Manual light remains on. 

This key should be used to stop the computer when 
it is necessary to perform manual operations. 

Instant Stop/SCE (Single Cycle Execute) Key. De- 
pression of the Instant Stop/ sce key causes the machine 
to stop at the end of the 10-/Asec machine cycle in 
progress when the key is depressed. Successive de- 
pressions of the key cause single machine cycles. Both 
the Manual and Automatic lights remain on. 

When the key is pressed, the computer is stopped 
in the automatic mode ( unless the key is pressed at the 
instant between instructions, which is very unlikely) 
and remains in the automatic mode until the instruc- 
tion has been single-cycled to completion. 

Because the Save, Insert, Display mar, Modify, and 
Reset keys are not operative in the automatic mode, 
the Instant Stop /sce key should NOT be used to stop 
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the computer when it is necessary to perform manual 
operations. 

Power Ready Light. The Power Ready light comes 
on when internal machine temperature and voltage 
reach proper operating values. There is a delay from 
the time the Power On /Off switch is positioned on 
until operating temperature and voltages are obtained. 
This delay varies with room temperature and the 
elapsed time since power was turned off. 

Thermal Light. The Thermal light is turned on if 
the internal temperatures of the 1620, 1622, 1625, or 
1311 become too high. The Thermal light may be 
turned off by depressing the Reset key, after the internal 
machine temperatures return to normal. 

Write Interlock. This light is turned on when the 
computer executes a write operation specifying an out- 
put unit and the unit is not in a ready condition. 

This light is also turned on when a parity check error 
occurs while punching paper tape. 

When either of these conditions occur, the computer 
is stopped in the automatic mode; manual corrective 
procedure is required. These conditions are readily de- 
tectable because the Automatic light remains on and 
the Write Interlock light is turned on. The Write Check 
indicator (and possibly one or more of the other i/o, 
Parity, or Disk indicators ) may also be on. Depression 
of the Release key disconnects the output unit and puts 
the computer in manual mode. While in manual mode, 
depression of the Reset key turns off the Write Inter- 
lock light, and depression of the Check Reset key turns 
off the Parity and i/ o indicators. The operator can then 
take the necessary corrective procedures. 

In disk storage operations the Disk Check indicators 
are reset by pressing the Release and Reset keys simul- 
taneously. 

Read Interlock. This light is turned oh when the com- 
puter executes a Read operation specifying an Input 
unit and the unit is not in a ready condition. A ready 
condition exists when the Power Ready light is on and 
the input unit is properly loaded and made ready. 

Check Stop Light. The Check Stop light is turned 
on when the machine stops because of a Parity or i/o 
check, including disk drive and exp chk errors. One or 
more of the Parity or i/ o Check indicators that caused 
the stop is also on. The Check Stop light is turned off 
when the check indicators are reset by the Check Reset 
key or by program interrogation or when the Parity or 
i/o switch is set to program. 



Emergency Off Switch. This switch is for emergency 
use only. If pulled to off, all power in the machine is 
turned off and the blowers that cool the electronic cir- 
cuits are stopped as well. Turning the blowers off in 
this manner may result in damage to the machine. 

Register Display Indicators 

The console panel displays the contents of registers by 
small incandescent lights that represent the bits present 
in each digit of a register ( Figure 81 ) . Each light, repre- 
senting a particular bit position, is on only when its 
corresponding bit is present in the digit displayed. 

Operation (OP) Register. Two lines, each with five 
lights, normally display the bit configuration of the two 
digits representing the operation code of the instruc- 
tion. Flag bits of these two digits are not displayed. 

Multiplier /Quotient. This five-light register display 
shows each multiplier digit as it is used during a multi- 
ply operation. During divide, the m/q register is used 
to develop quotient digits. 

Data Register. Two lines, each with five lights, dis- 
play the contents of the Data Register. This register 
performs three functions in the 1620: 

1. It decodes the Q 8 and Q 9 digits of Branch Indica- 
tor, Branch No Indicator, and Input/Output in- 
structions. 

2. It temporarily stores digits affecting mars 
(Memory Address Register Storage) during all 
I cycles, and stores partial product digits during 
multiplication. 

3. It holds one of the digits used in add or subtract 
operations. 

Memory Ruffer Register (MRR). All data read from 
core storage passes through this register. The two 
digits affected by a core storage address are displayed 
in the mbr. When the core storage location addressed 
is an even-numbered address, the digit at this location 
is placed in the mbr display in the e (even) line; the o 
(odd) line contains the digit in the next higher-num- 
bered location. If the core storage location addressed 
is an odd-numbered address, the digit at this location 
is placed in the mbr display on the o line; the e line 
contains the digit in the next lower-numbered location. 
When the machine is in alphabetic mode, the complete 
two-digit representation of an alphameric character 
may be viewed at one time. 

Memory Inhibit Register (MIR). All data written into 
core storage passes through this register. The two digits 
affected by a core storage address are displayed in the 
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mih. When the core storage location addressed is an 
even-numbered address, the digit at this location is 
placed in the mir display in the e line; the o line con- 
tains the digit in the next higher-numbered location. 
If the core storage location addressed is an odd-num- 
bered address, the digit at this location is placed in the 
mir display on the o line; the e line contains the digit 
in the next lower-numbered location. When the ma- 
chine is in alphabetic mode, the complete two-digit 
representation of an alphameric character may be 
viewed at one time. 

Memory Address Register (MAR). Five lines, each 
with five indicator lights, display the bit configuration 
of the five-digit address in anv one of the twelve mars 
registers. The specific register displayed is selected by 
the mar Display Selector switch and the Display m \h 
key. There is no flag bit notation. 



Memory Address Register Storage (MARS) Display 
Selector. The 12-position rotary switch permits any of 
the 12 mars registers to be selected for display in MAR 
by depressing the Display mar key. The position of the 
switch can be changed without altering the display. 
The rotary switch should not be turned, howev er, while 
the Display mar key is depressed. 

The mars registers provide a visual indication of 
internal data flow for the console operator. Further 
information on the use of individual registers and the 
incrementing and decrementing of the mar addresses 
may be found under console operating procedures. 

Machine Status Lights 

The remaining lights on the console panel, Figure <S2. 
are used primarily by ibm Customer Engineers for 
diagnostic testing. However, some of these lights can 




Figure 81. Register Display and Selector 
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Figure 82. Machine Status Lights 



be used in program testing by single-cycle executing 
an instruction and visually observing the status of in- 
ternal indicators and observing the progress of the 
execution of the instruction. 

Although the status lights are arranged in three 
groups— Control Gates, Input/Output, and Inst and 
Exec cycle— the functions represented by these three 
groups of lights are interrelated within the groups. 
Therefore, these lights are described in a sequence 
based upon functional use rather than physical loca- 
tion. Figure 83, a drawing of the appropriate console 
panel sections, is provided to facilitate determining the 
physical location of these lights in the functional de- 
scriptions that follow. Reference to specific lights is 
made by the numeric and alphabetic coordinates lo- 
cated across the top and down the left side of the draw- 
ing. Lights that are neither labeled nor explained have 
no programming or operating significance. 



I (Instruction) Cycle 

Pressing the Stop/siE key stops the computer at the end 
of the instruction in operation at the time the key is 
pressed. Except for Branch instructions that will be 
executed, MM contains the address of the first operation 
code digit of the next instruction. Successive depressions 
of the Instant Stop/scE (Single Cycle Execute) kev 
steps the computer through 10-^sec machine cycles. The 
I and E cycle console lights show the progression of an 
instruction as it is executed with each depression of the 
sce key. Six depressions of the sce key step the computer 
through the six machine cycles of any instruction. The 
I-cycle lights are turned on to indicate the following 
functions. 

1-1 (21, A). The operation code, O,, and O,, is placed 
into the two-digit operation register. 

1-2 (21, B). The F, and P 3 digits are placed into the 
ten-thousands and thousands positions of Operand Reg- 
ister 2 (OR-2). 
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1-3 (21, C). The P 4 and P 5 digits are placed into the 
hundredths and tens positions of OR-2. 

1-4 (21, D). The P 6 digit is placed in the units position 
of OR-2. 

1-5 (21, E). The Q 7 , Q 8 , and Q 9 digits are placed into 
the ten-thousands, thousands, and hundreds position 
of OR-1. 

1-6 (22, A). The Q 10 and Q X1 digits are placed into 
the tens and units position of OR-1. 

E CYC ENT (3, A). At the end of the 1-6 cycle this 
light is turned on to indicate that the instruction just 
interpreted is about to be executed. At the end of the 
I cycle, IR-1 has stepped twelve addresses higher to the 
first operation code digit of the next instruction in the 
program. IR-1 remains at this address during the fol- 
lowing E cycle. 

If the instruction is a disk storage instruction, the 
data in the Disk Control Field must be loaded into ap- 
propriate storage registers. 



Loading Registers for Disk Storage Operations 

The operation of loading these registers cannot be 
stepped through by successive depressions of the sce 
key. All of the disk operations that are described here 
occur automatically following the 1-6 cycle; however, 
certain types of errors, such as invalid addresses or in- 
valid Q„ modifier digits, will stop the computer at the 
end of the loading operation and before the actual exe- 
cution of the instruction using the disk storage drive, 
occurs. Therefore, at this point, the contents of the 
registers have not been altered and can be displayed in 
the Memory Address Register. 

Disk OP (14, B). This light is turned on during 1-6 
time if the instruction addresses disk storage. It re- 
mains on during the load operation. 

DISK LD ZERO (15, B). This light is turned on dur- 
ing the time the Drive code is examined to determine 
the correct Disk Storage module to be addressed. Also, 
at this time the OR-1, PR-2, and OR-2 registers are being 
set to zeros. 

DISK ADDR (16, B). This light is on during the three 
machine cycles required to load the disk address into 
OR 1. The specific digits transferred in each cycle is 
indicated in the drawing which follows. 
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The function of the labels "hund" and "units," which 
have been arbitrarily assigned to aid in testing opera- 
tions, are described later. 

SCTR COUNT (17, B). This light is on during the 
two machine cycles required to load the sector count 
into PR-2. 

MEM ADDR (18, B). This light is on during the 
three machine cycles required to load the core storage 
address into OR-2. 

HUND and UNITS (16-17, B). These two lights are 
turned on to indicate which machine cycle is taking 
place during the loading operations. ( Refer to preced- 
ing drawing. ) The units light is on when the units and 
tens positions are loaded; the hund light is on when the 
hundreds and thousands positions are loaded. Both 
lights are off during the first cycle when OR 1 and 
OR 2 are loaded. 

SCTR CYC (19, B). This light comes on after the 
third cycle of the OR-2 loading operation (mem addr 
light ) . Certain types of errors such as invalid addresses 
or invalid Q 1X modifier digits stop the computer at this 
point with this light on. Normally— that is, with no error 
conditions— the registers are loaded immediately fol- 
lowing 1-6 cycle. When the program is being "stepped 
through" the next light on, following the 1-6 light, is the 
I-Cycle Entry light. 

E (Execute) Cycle 

During the E cycle the instruction is executed as speci- 
fied by its operation code and P and Q addresses. The 
number of sce key depressions necessary to step the 
computer through an E cycle is determined by the 
particular instruction being executed and the size of 
the P and Q fields. 
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The uses of the five E cycles are too extensive to 
describe in detail, therefore only their general usage 
is indicated. The specific use of the E cycle during an 
add instruction is described later. 

E-l (22, A). This light is on during operations involv- 
ing a Q field. 

E-2 (22, B). This light is on during operations involv- 
ing the P field. 

E-3 (22, C). This light is on during multiply and di- 
vide operations. 

E-4 (22, D). This light is on during multiply and di- 
vide operations. 

E-5 (22, E). This light is on during multiply and di- 
vide operations when the product area is cleared to 
zeros. 

Add Operation 

Nine status lights are related to an add-operation. Ah 
explanation of the E cycles for an add operation are 
described first to facilitate understanding of the mean- 
ing and use of these lights. 



E CYCLES OF ADD OPERATION— 2 DIGITS 

Data flow during the E cycles of an add instruction is 
illustrated in Figure 84. The Q field is in core storage 
positions 14000 and 14001; the P field is in positions 
00801 and 00802. 

1. During the E-l cycle, the two digits in the Q field 
are placed into the tens and units positions of the 
Data Register. 

2. During the first E-2 cycle the units position of the 
P field (an even address in this example) and the 
digit 6 from the odd address ( which is not actually 
part of the specified Q field ) are placed into mbr-e 
and mbr-o. The 3 from mbr-e and the 4 from the 
units position of the Data Register are sent to the 
Adder. The result of 7 is routed through the 
Memory Inhibit Register-Even (mir-e) and re- 
turned back to the units position of the P field 
(00802 ) . The 6 from mbr-o is routed through mir-o 
and then returned to core storage position 00803. 

3. During the second E-2 cycle the tens position of 
the Data Register (1) is transferred to the units 
position of the Data Register. A zero (C bit) is 
written into the tens position. The digit 5 from 
the tens position of the P field (an odd address) 
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Figure 83. Drawing — Machine Status Lights 
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and the digit 4 from the even address (which is 
not actually part of the Q field) are placed into 
mbr-e and mbr-o. The 5 from mbr-o and the 1 
from the units position of the Data Register are 
sent to the Adder. The result 6 is routed through 
mir-o and returned back to the tens position of 
the P field. The 4 from mbr-e is routed through 
Mm-E and then returned to core storage position 
00800. 

Three cycles are required to add two digits, unless 
the units position of the Q field is an even address; in 
that case, only one E-2 cycle is taken and the first digit 
is added in two cycles. The remaining digits of the 
field are added as described above; three cycles for 
each two digits. Additional cycles may be required if 
the result must be recomplemented. 

When an add instruction is single-cycle executed, 
the results of the addition can be verified at the end of 
each E-2 cycle; the original P digit is displayed in mbr, 
the Q digit is displayed in the units position of the 
Data Register, the new P digit ( result ) is displayed in 

MIR. 

ADD ENT (6, A). When the Add Entry light comes 
on in conjunction with the e cyc ent light, the opera- 
tions following will be in the "add mode." It is turned 
off on the following cycle. 

ADD MODE (6, B). This light is on during all of 
the E cycles of add, subtract, and compare instructions. 

2 DIG CNTRL (6, C). The 2-Digit Control light, is 
turned on during the E-l cycle to indicate that the fol- 
lowing E-2 cycle is the "1st" E-2 cycle. ( Refer to Fig- 
ure 84.) This means that the Q address was an odd- 
numbered address and therefore both digits read into 
the Data Register will be used. 

COMP (6, D). The Complement light is turned on to 
indicate the Q digits are complemented before they are 
sent to the Adder. 

RECOMP (7, A). The Recomplement light indicates 
that an add or subtract result will be recomplemented 
at the end of the last E-2 cycle. Recomplementing is 
required in any add operation when the sign of the P 
and Q fields are initially unlike and the absolute value 
of the P field is less than the absolute value of the Q 
field. 

CARRY OUT (7, C). This light is turned on during 
the cycle in which a carry occurs. A carry occurs when 
the addition of two digits results in a value greater than 
nine. On the following cycle the Carry In light will 
be on. 

CARRY IN (7, B). When this light is on, the Q digit 
is increased by one as it is sent from the Data Register 
to the Adder. 



H/P (12, D). The High/Positive light shows the con- 
dition of the internal High/Positive indicator as a result 
of the last arithmetic or compare operation. 

E/Z (12, E). The Equal/Zero light shows the condi- 
tion of the internal Equal/Zero indicator as a result of 
the last arithmetic or compare operation. 

Indexing 

Eight status lights are associated with the special fea- 
ture Indexing. 

IX ENT (2, A). The Indexing Entry light is turned on 
to indicate that the next cycle begins an indexing opera- 
tion; that is, an operation in which a P or Q address is 
changed as the result of adding the value of an index 
register. If the P field is to be indexed, this light is 
turned on during 1-4 time; if the Q field is to be indexed, 
this light is turned on during 1-6 time. If, for example, 
the P field is to be indexed, the ix ent light comes on 
during 1-4 time and the next light to come on is the ix 
light. The 1-5 light does not come on until after the 
fifth cycle of the five cycles required to index the P 
field. 

IX (21, E). This light is on during the five cycles re- 
quired to add the contents of an index register to a P 
or Q field. During single-cycle execution, the original 
P or Q field digit is displayed in mbr, the digit from the 
index register is displayed in the units position of the 
Data Register, and the result ( the new P or Q digit) is 
displayed in mir. 

IX EXEC (2, B). The Index Execute light is on dur- 
ing any of the seven modify, store, or load index reg- 
ister instructions (Op codes 61-67). 

X-4 (2, C). The Index 4-bit light is turned on when a 
flag bit is sensed in either the P 8 position or Q 8 position 
of an address. 

X-2 (2, D). The index 2-bit light is turned on when a 
flag bit is sensed in either the P 4 position or Q 9 position 
of an address. 

X-l (2, E). The Index 1-bit light is turned on when a 
flag bit is sensed in either the P 5 position or Q i0 position 
of an address. 

IX BAND 1 (12, B ). This light is on if Index Registers 
Band 1 has been selected by a Branch and Select in- 
struction. It is off if Band 2 or Band (no band) has 
been selected. 

/X BAND 2 (12, C). This light is on if Index Registers 
Band 2 has been selected by a Branch and Select in- 
struction. It is off if Band 1 or Band (no band) has 
been selected. 
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Indirect Addressing 

Six status lights are associated with indirect addressing 
operations. 

I A Select (12, A). The Indirect Addressing Select 
light is on when the indirect addressing feature has 
been turned on by a Branch and Select instruction with 
a Qn digit of 9. The light and feature are also turned 
on when power is turned on. The feature and the light 
are turned off by a Branch and Select instruction with 
Q 1X digit of 8. 

I A REQ (1,D). The Indirect Address Required light 
is turned on when a flag bit is sensed in the P 6 or Qn 
positions of an instruction (in which indirect address- 
ing is permitted ) . If an indexing operation is NOT re- 
quired (ho flag bits in either P 3 , P 4 , P 5 , Q s , Q 9 , and 
Q 10 ) the ia ent light is also turned on. 

I A ENT (1, C). The Indirect Address Entry light is 
turned on when an indirect address is required and an 
indexing operation is not required. It indicates that the 
next cycle will be the first cycle of the three cycles 
required to select an indirect address. 

IA-1 (21, B). The Indirect Address-1 light is on dur- 
ing the first cycle of the three cycles required to load 
the indirect address into OR-2 or OR-1, depending 
upon whether the indirect address is a P field or Q field 
address respectively. 

The specific digit positions loaded into the Operand 
Registers during each of the three indirect address 
cycles depends upon whether the P or Q address is an 
odd or even number as illustrated in Figure 85. 

1A-2 (21, C). The Indirect Address-2 light is on dur- 
ing the second cycle of the indirect address loading 
operation. 

IA-3 (21, D). The Indirect Address-3 light is on dur- 
ing the third cycle of the indirect address loading 
operation. 



Miscellaneous Status Lights 

Nine status lights are concerned with significant but 
unrelated functions. 

BR EXC (1, B). The Branch Execute light comes on 
at the end of the branch operation, if the branch is to 
occur. It can be observed at I-Cycle Entry time. 

Field Mk 1 (4, B). The Field Mark 1 light comes on 
when the flag bit in the high-order position of the Q 
field is detected in the Data Register. 

Field Mk 2 (4, C). The Field Mark 2 light comes on 
when the flag bit in the high-order position of the P 
field is detected in the mbr Register. 

EXP O'FLOW (8, B). The Exponent Overflow light 
is turned on and off during floating-point operations; 
however, if it is on at the end of the operation, an expo- 
nent overflow has occurred, that is, an exponent greater 
than +99 has been generated. The Exponent Check 
indicator and light will also be on. 

EXP U'FLOW (8, C). The Exponent Underflow light 
is turned on and off as a normal function during float- 
ingpoint operations; however, if it is on at the end of 
the operation, an exponent underflow has occurred, 
that is an exponent less than —99 has been generated. 
The Exponent Check indicator and light will also be on. 

CLR MEM (10,A). The Clear Memory light is turned 
on as a result of pressing the Modify and Check Reset 
keys simultaneously. If the Start key is pressed ( after 
pressing Modify and Check Reset) this light is on as 
core storage is being cleared. 

LAST CARD (11, D). The Last Card light is turned 
on when the data from the last input card has been 
transferred from the 1622 Input Buffer to 1620 Core 
Storage without a parity error. 

RD (13, A). The Read light comes on during oper- 
ations involving an input unit. 
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WR (14, A). The Write light comes on during oper- 
ations involving an output unit. 

Status Lights — 1710 Control System Only 

Eight status lights are used only when the 1620 is used 
in a 1710 Control System. 

MASK (8, A). The Mask light is turned on by the 
execution of a Mask instruction and is turned off by the 
execution of an Unmask instruction. This light is also 
turned on when the 1620 Reset key is pressed, or by a 
Power-On operation. 

INT ENT (9, A). The Interrupt Entry light is turned 
on to indicate that the next cycle is in the "interrupt 
mode." 

INTERRUPT MODE (9, B). The Interrupt Mode 
light is turned on only when an interrupt is recognized. 
It is on while the interrupt is being serviced and is 
turned off by the execution of a Branch Out or a 
Branch Out and Load instruction. In effect, the Inter- 
rupt Mode light is on when IR-3 and IR-4 are used in 
place of IR-1 and IR-2. If a Branch Out instruction is 
executed and this light is off, (system not in interrupt 
mode ) this light is turned on and then off as the Branch 
Out instruction is executed. 

BR OUT (9, C). The Branch Out light is turned on 
during a Branch Out and Load instruction. During a 
single-cycle execution of either of these two instruc- 
tions, the Reset key must not be pressed until the in- 
struction is completed. If the instruction is not com- 
pleted — the br out light will be on — and the Reset 



key is pressed, the computer remains in the interrupt 
mode. 

PC H/P (14, E). During the time the computer is in 
the interrupt mode of operation, that status ( on or off ) 
of the h/p indicator is transferred to and maintained 
by Process Control ( pc ) h/p indicator. The h/p indi- 
cator is then available for use during the interrupt 
mode. 

This light indicates the status of the pc h/p indica- 
tor. 

PC E/Z (15, E). During the time the computer is in 
the interrupt mode of operation, the status of the e/z 
indicator is transferred to and maintained by the pc 
(Process Control) e/z indicator. The e/z indicator is 
then available for use during the interrupt mode. 

This light indicates the status of the pc e/z indicator. 

PC O'FLOW (16, E). During the time the computer 
is in the interrupt mode of operation, the status of the 
Arithmetic Overflow indicator is transferred to and 
maintained by the pc overflow indicator. The Arith- 
metic Overflow indicator is then available for use dur- 
ing the interrupt mode. 

This light indicates the status of the pc/ o'flow indi- 
cator. 

PC 6xxx (19, E). This indicator and light are turned 
on during either of the two branch indicator instruc- 
tions — at 1-5 time — if the indicator code is a 4-digit 
code instead of a 2-digit code. The last two digits of 
the code (Q 10 and Q 1X ) are transferred to the data reg- 
ister at 1-6 time. 



84 



Console Typewriter 



The 1620 console typewriter (Figure 86) is used for 
both input and output. 




Figure Nfi, ibm 162<»-2 with ■ <> Typewriter 



Typewriter Input 

The 1620 console typewriter is used to enter data and 
instructions directly into core storage. Off-line use is 
not possible because the keyboard is loeked except 
when entering data. Pressing the Insert key unlocks 
the keyboard and permits data to be entered into core 
storage, starting at location 00000. Each depression of 
a typewriter key enters a character into core storage 
one location higher than the previous character. As 
many as 100 characters can be entered from the type- 
writer on an insert operation. After the 100th char- 
acter is entered, an automatic release is initiated and 
the machine returns to manual mode. The Start key 
ma\ then be used to start program operation at 00000. 

When less than 100 characters are entered, entry of 
the last desired character should be followed by press- 
ing the console Release and Start keys, or by pressing 
the r-s key on the typewriter keyboard. The h-s key 
combines the release and start functions of the console 
keys. The r-s symbol is typed as a permanent record 
that the r-s keyboard has been used. 



Programmed selection of the typewriter I bead \l- 
phamerically or Head Numerically instructions) un- 
locks the keyboard, leaving the computer in automatic 
mode for manual entry of data on the typewriter. Data 
entry starts at the address specified in the P address of 
the instruction and enters core storage at successively 
higher-numbered locations until the Release key is 
pressed. 

If a record mark is required in core storage following 
the last character entered, the Record Mark kev on the 
typewriter must be pressed before pressing either the 
R-s key on the typewriter or the Release key on the 
console (Figure 86). Pressing either kev again locks 
the keyboard and gives the computer an end-of- 
input /output indication. 

Typewriter Output 

The typewriter prints data from core storage when it is 
programmed to do so. W hen the right-hand margin is 
reached, the carriage returns automatically, and typing 
continues until a record mark is sensed or until the 
Release key is pressed. The Release key may be used, 
for example, to terminate a Dump Numerically opera- 
tion from the typewriter. 

Parity Checking 

Input data frotti the typewriter is paritv -cheeked before 
entering core storage. Transmission of a character 
with incorrect parity turns on the Read Check indicator 
and light (06). 

Output data from core storage is paritv -checked as 
it is transmitted to the typewriter. Transmission of a 
character with incorrect paritv turns on the Write 
Check indicator and light (07). Also, a horizontal bai- 
l's overprinted across the center of the character. \n 
invalid character with correct paritv causes a special 
character ( | ), identified as a "pillow," to be printed. 

If a parity error occurs, the input or output operation 
continues until completion, and the machine either 
stops or continues under program control, depending 
on the position of the console i/o Check switch. 

Typewriter Features 

The earily removed typing element traverses the sta- 
tionary paper while printing a maximum of 15.5 cps. 
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To set tab stop, position the carrier at the desired 
point on the line and press the bottom (set) of 
the tab control key. 

6. Margin Release Key — Keeping this key pressed 
releases both the left and right margin stops. 
Margin Stops — To manually position the left and 
right margin stops push them toward the platen 
and guide them along the margin guide channel. 

7. Insert Key — This key has the same function as 
the console Insert key. Either key may be pushed 
to ready the typewriter for input into location 
00000. 

8. CORR (Correction) Key -This key enables the 
operator to correct a manual entry error. For ex- 
ample, if 26 is erroneously entered into memory 
instead of 36, two depressions of the Correction 
key can be used to: 

( 1 ) Effect the backspacing of memory ( the ad- 
dress in OR-2 is decremented twice, once 
for each key depression). 

(2) Print two strike-through characters. 

The correct entry 36 can then be made, leaving 
26 — 36 as a printed record of operator action. 
Each time the Correction key is struck during Read 
Alphamerically operations ( typewriter-selected ) , 
the address in OR-2 is decremented by two. 

9. Paper Bail — On non pin-feed platens, the paper 
bail should be resting on the platen when the forms 
are being pressure-fed. If the forms are pin-fed, the 
paper bail should be raised up from the platen and 
moved forward toward the operator. 



Table 12. Program Control Characters 



Character 


Symbol 


Use 


Record Mark 


4 


Prints when * key is struck 
during input, and when 
record mark is sensed 
during a Dump Numerically 
operation . 


Overscore (labeled FLG on 
keyboard) 


2 


Prints when FLG key is struck 
during input, and when a 
flag bit is sensed during 
output . 


Strike-through 


- or A 


Prints when CORR key is 
struck during input (see 
Correction key), and prints 
over or scores through 
parity errors during output. 


Pillow 


1 


Prints when an invalid char- 
acter is sensed during output. 


Release/Start 


R 


D 

Prints when - (Release and 

S 




S 


Start) key is struck. 
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A 9 and 3/8-inch pin feed platen is supplied with the 
system; a 10 and 7/8- inch solid platen is available. 
The moving type element provides an 8 and 1/2-inch 
printing line ( 85 characters ) irrespective of platen size. 
Forty-seven alphabetic, numeric, and special char- 
acters can be printed. The numeric keys are colored 
differently for ease of keyboard selection. In addition, 
the characters listed in Table 12 print to indicate spe- 
cific conditions. 

Typewriter Controls 

The controls and keys numbered one through eight 
(Figure 87) are used to facilitate typewriter operation. 
Instructions for their use follow. 

1. Paper Release Lever — Move the lever forward to 
position or remove paper. 

2. Paper Guide — Place this guide at the second mark 
from the left, and the left edge of the paper will 
correspond to on the margin guide. 

3. Line Spacer Lever — Position this lever for single 
or double vertical line spacing. 

4. Multiple Copy Control Lever — Move this lever 
to compensate for additional copies. The platen 
is adjusted so that the typing element strikes 
squarely on the paper. The second marking is for 
one original copy with three carbon copies; the 
third marking is for one original with five copies. 

5. Tab Control — To clear tab settings, tabulate to 
each tab stop that you wish to clear and press the 
top (clr) of the tab control key. 



Removing and Replacing the Typing Element 

TO REMOVE TYPING ELEMENT 

1. Place the typewriter in lower case, so that the 
arrow on the typing element points toward the 
platen (Figure 88). 

2. Turn the motor control to off. 

3. Raise the cover to its uppermost position. 

4. Firmly press together the spring levers on top of 
the typing element. 

5. Lift the typing element up and off, of the element 
post ( Figure 89 ) . 

TO REPLACE TYPING ELEMF.NT 

1. Hold the typing element by grasping the spring 
levers. 



2. Point the arrow toward the platen; ease the typing 
element down into position until firmly seatetl 
(Figure 89). 

3. Release the spring lexers. W hen the typing ele- 
ment is seated, you will hear a click, and it cannot 
be removed without pressure on the spring levers. 

Changing the Ribbon Cartridge 

TO REMOVE RIBBON 

1. Move carrier toward center of carrier rod. 

2. Turn motor control to off. 

3. Lift the cover to its uppermost position. 

A. Raise the ribbon guide by shifting the ribbon 
change lever to the right (Figure 90). 

5. Lift ribbon cartridge straight up off of the carrier 
ribbon posts (Figure 91). 
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6. Ease ribbon through slots in ribbon guides. 

7. To rewind excess ribbon, insert a wooden pencil 
in the cartridge hole. Turn in the direction of the 
arrow. 

TO INSERT RIBBON 

L Position ribbon cartridge with exposed length of 
ribbon facing the platen. 

2. Slide ribbon down through slots in the ribbon 
guides. (Figure 92). 

3. Position the ribbon cartridge on the cartridge 
posts and press down firmly. 

4. To rewind excess ribbon, turn either cartridge 
post in the direction of the arrow. 

5. Move ribbon change lever to left, to lower ribbon 
guide into typing position. 



Figure 88. Typing Element in Position 




Element Post 



Figure 89. Removing and Replaeing Typing Element 
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Figure 90. Release - Ribbon Change Lever 




Figure 91. Removing Hibbon Cartridge 
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1620 Console Operating Procedures 



The following procedures are included to aid the con- 
sole operator. They may be modified to meet individual 
requirements. 

Note: The Insert key is operative only when the com- 
puter is in the manual mode. If the computer is running 
in the automatic mode, pressing the Stop/siE key stops 
the computer at the end of the instruction in progress 
when the key was pressed and places the computer in 
the manual mode. 



Program Entry from Typewriter 



Operator Action 


Explanation 


1. 


Press Insert key 


Typewriter is conditioned to enter data into core storage, 
beginning at location 00000. 


2. 


Type: 36 xxxxx 00100 

49 xxxxx ( No Q Address ) 


Enter instructions to read numerically from typewriter, beginning 
at the first position of program storage (xxxxx), and branch to 
first program instruction 


3. 


Press R/S key. 


Releases typewriter. The Read Numerically instruction, entered 
in step 2, is executed. 


4. 


Type program steps and data 


As each character is typed, it is stored at location xxxxx and 
succeedingly higher-numbered core storage positions. 


5. 


Press R/S key. 


Terminates read instruction. The next sequential instruction, 
which is the branch to the first program instruction at xxxxx, 
is executed. 



Program Entry from Paper Tape Reader 



Operator Action 



Explanation 



1. Press Insert key. 



2. Type: 36 xxxxx 00300 

49 xxxxx ( No Q address ) 



3. Press R/S key. 



Typewriter is conditioned to enter data into core storage, 
beginning at location 00000. 

Enter instruction to read numerically from paper tape reader, 
beginning at the first position of program storage (xxxxx), 
and branch to first program instruction. 

Releases typewriter. The Read Numerically instruction, 
entered in Step 2, is executed. The EL character punched 
in the tape causes a termination of the read instruction 
and execution of the next sequential instruction ( branch 
to first program instruction, which was entered in Step 2 ) . 
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Program Alteration and Data Entry 



Operator Action 


Explanation 


1. 


Press Stop/SIE key. 


Halts processing and initiates manual mode. 


2. 


Press Save key. 


The address of the next instruction in sequence is saved in 
Product Address Register 1 (PR-1). 


3. 


Press Insert key. 


Typewriter is conditioned to enter data into core storage, 
beginning at location 00000. 


4. 


Type: 36 xxxxx 00100 

42 ( No P or Q address ) 


"Enter instructions to read numerically from typewriter beginning 
at the first position of data entry ( xxxxx ) , and branch to ad- 
dress saved in PR-1 ( Step 2 ) . 


5. 


Press R/S key. 


Releases typewriter. The Read Numerically instruction, 
entered in Step 4, is executed. 


6. 


Type instructions and data. 


As each character is typed, it is stored at location xxxxx and 
succeedingly higher-numbered core storage positions. 


7. 


Press R/S key. 


Terminates read instruction. The next sequential instruction, 
which is Branch Back ( Step 4 ) to the address saved in PR-1 
( Step 2 ) , is executed, and processing is resumed. 



Typewriter Output 



Operator Action 


Explanation 


1. Press Insert key. 

2. Type one of the following: 

39 xxxxx 00100 

38 xxxxx 00100 
35 xxxxx 00100 

3. Press R/S key. 


Typewriter is conditioned to enter data into core storage, 
beginning at location 00000. 

Enter instruction. 

Write Alphameric ally, beginning at xxxxx and continuing until a 
a record mark is sensed, or, 

Write Numerically, beginning at xxxxx and continuing until a 
record mark is sensed, or, 

Write ( Dump ) Numerically, beginning at xxxxx and continuing 
until location 19999 is printed or the Release key is pressed. 

Releases typewriter. Instruction entered in Step 2 is executed, 
and the system stops. 



Check Program Step Sequence and Operation 



Operator Action 


Explanation 


1 Press Stop/SIE key. 

2. Press SIE key. 

3. Press SCE key. 

4. Press SIE key. 


Halts processing and initiates manual mode. 

Each depression causes the execution of one instruction. 

The Op code and the address of the next instruction to be 
executed are displayed in the Op register and MAR. 

The instruction displayed in Step 3 is executed. Steps 3 and 
4 can be alternated to display succeeding instructions. 
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Reset Core Storage to Zeros 



Operator Action 


Explanation 


1. Press Stop key. 

2. Press Modify and Check Reset 
keys simultaneously. 

3. Press Start key. 


Halts processing and initiates manual mode. 
Sets up circuitry for clearing core storage. 

Core storage is cleared to zeros. 



Display P and Q Addresses 



Operator Action 



Explanation 



1. Press Stop/SIE key. 

2. Press SIE key until the instruc- 
tion that contains the desired 
address is next. 

3. Press the SCE key six times. 

Note the on/off conditions of the 
machine status and check indica- 
tors and of the signal lights to be 
reset by Reset (step 5), so that 
proper restart can be initiated 
after the display has been com- 
pleted. At this time a branch to 
the original instruction also must 
be inserted if it is desired to ex- 
cute this instruction and proceed 
with the normal program. ( If 
reset and the subsequent neces- 
sity for branching and proper 
restart are undesirable, step 5 
can be omitted and the P and Q 
addresess can be viewed, two 
digits at a time, during sce. ) 

4. Press Reset key. 

5. Turn MARS switch to OR-1 

( Operand Address Register 1 ) 
and press the Display MAR 
key. 

6. Turn MARS switch to OR-2 

( Operand Address Register 2 ) 
and press the Display MAR key. 



Halts processing and initiates manual mode. 

One instruction is executed with each depression of the SIE key. 
This steps through the six I cycles. 



Initiates manual mode. 

The Q address, which is in OR-1, is displayed in MAR. 



The P address, which is in OR-2, is displayed in MAR. 



Timing 



In some applications of the 1620 Data Processing Sys- 
tem the input, output, and processing capabilities of 
the system can be used most effectively if careful tim- 
ing consideration is given to the development of the 
program. In many systems, estimates of total job time 
are required in order to coordinate the processing of 
various programs in an installation. 

This section includes methods of estimating timing 
requirements for input/output operations, for comput- 
ing, and for total job time. 



1622 Model 1 

Read Cycle. The read cycle for the Model 1 is shown 
as follows: 



Read Cycle 



Buffer Load 



Buffer 
Ready 



Clutch 
Latch 
Point 



177 



-31 ms- 



-63 



-240 ms- 



1622 Card Read-Punch 

There are two models of the 1622 Card Read-Punch 
available. Both models are identical in programming 
and operation except for their different reading and 
punching speed as shown below: 

Model 1 Model 2 
Reading 250 cpm 500 cpm 

Punching 125 cpm 250 cpm 

Both reading and punching operations are complete- 
ly buffered. This means, for example, that a read in- 
struction causes the data in the read buffer to be trans- 
ferred to core storage and then causes the data in the 
following card to start reading into the read buffer at 
the beginning of the next card cycle. The processing 
unit is interlocked with the 1622 only during the 1.7ms 
required to read data out of the buffer unit and into 
core storage. Therefore, the card cycle time — the time 
required to read the data from the card into the buffer 
— can be used by the processing unit for computing or 
other input/output operations. The overlap time — that 
is, the time when the processing unit is performing 
other operations — varies, depending upon the length of 
the read or punch cycle. It must be remembered, how- 
ever, that if another read instruction is given while the 
read buffer is accepting data from a card ( buffer load ) , 
or if another punch instruction is given while the 
punch buffer is sending data to a card ( buffer unload ) , 
then the computer is interlocked and no other process- 
ing can occur until the read or punch buffers are ready 
to accept or send data respectively. 



A reading speed of 250 cpm provides a read cycle of 
240 ms. In order to maintain continuous reading at 250 
cpm, the next read instruction must be given before 
the clutch latch point which occurs 31 ms before the 
end of the cycle. For example, if the processing for 
Card 1 is completed and the next read instruction is 
given before the end of the buffer-load time of Card 2 
( 177 ms ) , the computer is interlocked until the buffer- 
ready time begins. At this point Card 2 data from buf- 
fer is transferred to core storage (in 1.7 ms), the com- 
puter is then released for other processing, and the buf- 
fer will automatically start reading Card 3 data at the 
beginning of the next card-read cycle. 

Therefore, during continuous reading operations at 
250 cpm, the overlap time is reduced from 240 ms to 
approximately 238 ms, if the next read instruction is 
given during the buffer-ready time. 

Punch Cycle. The punch cycle for the Model 1 is 
shown as follows: 

Punch Cycle 





Buffer 


Clutch 


Buffer Unload 


Ready 


Latch 
Point 








-4 411 •» 


■4 69 ms »• 



I I 

480 ms m\ 

A punching speed of 125 cpm provides a punch cycle 
of 480 ms. In order to maintain continuous punching at 
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125 cpm, the next punch instruction must be given be- 
fore the clutch latch point which occurs 28 ms before 
the end of the cycle. 

The punch is operated by a four-tooth clutch that 
completes one revolution every 480 ms. Because the 
clutch has four teeth, there are four clutch points oc- 
curring at 120-ms intervals in the punch cycle. If the 
processing time exceeds the 480 ms punch cycle, the 
next punch cycle can begin at any one of these points 
providing the next punch instruction is given 28 ms 
before the clutch point. 

If the processing for the card is completed and the 
next punch instruction is given before the end of the 
buffer unload time (411 ms), the computer is inter- 
locked until the buffer-ready time begins. At this point 
the data to be punched is transferred from core storage 
to the buffer (1.7 ms), the computer is then released 
for other processing, and the data will automatically 
start punching from the buffer at the beginning of the 
next card-punch cycle. 

Therefore, during continuous punching operations 
at 125 cpm, the overlap time is reduced from 480 ms to 
approximately 478 ms, if the next punch instruction is 
given during the buffer-ready time. 

1622 Model 2 

Read Cycle. The read cycle of the Model 2 is shown 
as follows: 

Read Cycle 



Buffer Load 


Buffer 
Ready 


Clutch 
Latch 
Point 









I 17ms-f 



l>« 89 ms ^ym — 31 ms — ^ 

I I 
!«• 120 ms J 



Therefore, during continuous card reading at 500 
cpm the overlap time is reduced from 120 ms to ap- 
proximately 118 ms, if the next read instruction is given 
during the buffer-ready time. 

Punch Cycle. The punch cycle of the Model 2 is 
shown as follows: 

Punch Cycle 

Buffer Unload R B f £ ^ 

Keady „ . 

1 Point 

I l I 

I I 15ms-U mJ 

I I ' 

Urn 206 ms m±+ — 34 ms — »J 

I 1 ' 

i«* 240 ms ^| 



A punching speed of 250 cpm provides a punch cycle 
of 240 ms. In order to maintain continuous punching 
at 250 cpm, the next punch cycle must be given before 
the clutch latch point which occurs 15 ms before the 
end of the cycle. 

The punch is operated by a four-tooth clutch that 
completes one revolution every 240 ms. Because the 
clutch has four teeth, there are four clutch points oc- 
curring at 60 ms intervals in the punch cycle. If the 
processing time exceeds the 240 ms punch cycle, the 
next punch cycle can begin at any one of those points, 
providing the next punch instruction is given 15 ms 
before the clutch point. 

If the processing for the card is completed and the 
next punch instruction is given before the end of the 
buffer-unload time (206 ms), the computer is inter- 
locked until the buffer-ready time begins. At this point 
the data to be punched is transferred from core storage 
to the buffer (in 1.7 ms), the computer is released for 
other processing, and the data will automatically start 
punching from the buffer at the beginning of the next 
card-punch cycle. 



A reading speed of 500 cpm provides a reading cycle 
of 120 ms. The next read cycle must be given before 
the clutch latch point in order to maintain continuous 
reading at 500 cpm. 

If the processing for the card is completed and the 
next read instruction is given before the end of buffer- 
load time (89 ms), the computer is interlocked until 
the buffer-ready time begins. At this point the data 
from the buffer is transferred to core storage (in 1.7 
ms), the computer is then released for other process- 
ing, and the buffer will automatically start reading 
data from the next card at the beginning of the next 
card-read cycle. 



7443 Printer for the 7620 

There are two models of the 1443 Printer available on 
the 1620. The only difference between the two models 
is their operating speed which is shown in the follow- 
ing table: 





Model 1 


Model 2 


Character Set 


13 


39 


52 


13 


39 


52 


Lines Per Minute 


430 


190 


150 


600 


300 


240 


Print Cycle (ms) 


140 


316 


400 


100 


200 


250 
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Printing operations with the 1443 Printer are complete- 
ly buffered. The processing unit is interlocked only 
during the 2.1 ms required to transfer the data from 
core storage to the printer buffer storage, the print 
cycle ( as shown in the preceding table ) is available 
for other processing operations. 

If the printer receives another print instruction 
while it is printing from the buffer unit, the processing 
unit is interlocked until the print cycle has been com- 
pleted. (Note: The Printer Busy indicator is provided 
with the 1443 so that interlocking in this manner can 
be avoided. ) 

The 1443 is asynchronous; that is, the printing time 
is not synchronized with the starting or stopping of a 
specific series of cycles. This means that there is no 
clutch latch point in the print cycle, and therefore a 
printing operation begins whenever, and as soon as, a 
print instruction is executed. 

Each print instruction can be modified either to take 
one space or to suppress spacing. The time to space 
one line is included within the print-cycle time shown 
in the previous table. Additional spacing and line skip- 
ping are performed with a control instruction, and ad- 
ditional time is required for these operations. The 
computer is interlocked with the printer for 60 fisec; 
after that time other processing can occur during the 
space and skip operations. The time required for an 
immediate skip or space is 45 ms for the first line and 
10 ms for each succeeding line. The time required for 
a delayed skip or space is 10 ms for each line after the 
second line; the time to skip or space for the first two 
lines is included within the printing cycle time. 



737 7 Disk Storage Drive 

Timing estimates for disk storage operations are de- 
pendent upon three factors: access time, rotational 
time, and the time actually required to transfer the 
data between core storage and disk storage. 

Access Time 

The access time is the time required to "seek" the 
record, that is, to position the read/write heads over 
the proper cylinder in the disk pack. When a seek in- 
struction is executed, the read/ write heads move from 
their present position to the "home" position and then 
move to the disk cylinder specified by the seek instruc- 
tion. Figure 93 shows actual seek times for cylinder- 
to-cylinder movement in increments of ten cylinders. 
The minimum seek time— from cylinder 00 to cylinder 
00— is 75 ms; the maximum seek time— from cylinder 99 
to cylinder 99— is 392 ms. If the data on a disk pack is 



TO 










FROM 












— I" 
i 


00 


09 


19 


29 


39 


49 


59 


69 


79 


89 


99 


00 


75 


88 


101 


114 


127 


140 


153 


167 


179 


192 


204 


09 


175 


188 


201 


214 


227 


240 


253 


267 


279 


292 


304 


19 


143 


156 


169 


182 


195 


208 


221 


235 


247 


260 


272 


29 


153 


166 


179 


192 


205 


218 


231 


245 


257 


270 


282 


39 


168 


181 


194 


207 


220 


233 


246 


260 


272 


285 


297 


49 


184 


197 


210 


223 


236 


249 


262 


276 


288 


301 


313 


59 


200 


213 


226 


239 


252 


265 


278 


292 


304 


317 


329 


69 


215 


228 


241 


254 


267 


280 


293 


307 


319 


332 


344 


79 


232 


245 


258 


271 


284 


297 


310 


324 


336 


349 


361 


89 


248 


261 


274 


287 


300 


313 


326 


340 


352 


365 


377 


99 


263 


276 


289 


302 


315 


328 


345 


355 


367 


380 


392 



Figure 93. Cylinder Seek Time 



located completely in a random sequence throughout 
all 100 cylinders and the disk addresses specified by 
the seek instructions are in a random sequence, then 
the average seek time is 250 ms. 

In some 1620 applications, specific kinds of data may 
be located within particular ranges of cylinders. For 
example, inventory records may be located within 
cylinders 00-19 and tooling records within cylinders 
20-39. When estimating times for applications such as 
these, the average access time should be based upon 
the seek times within the specific range of cylinders 
actually used, as shown in Figure 94. 



Cylinders 
Used 


Average 
Seek Time 


0-9 


132 ms 


0-19 


144 


0-29 


156 


0-39 


169 


0-49 


182 


0-59 


198 


0-69 


210 


0-79 


224 


0-89 


238 


0-99 


250 



Figure 94. Average Seek Times 
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OVERLAPPING SEEK TIME 

All of the access time can be overlapped with other 
processing operations that do not involve disk storage. 
After a seek instruction is given, the computer is inter- 
locked for just 160 ftsec; after this time, the access 
motion is started and, simultaneously, the computer is 
released for other processing operations. However, 
average access times must still be estimated so that the 
read, write, or check disk operations that follow can 
be efficiently coordinated into the program. 



Read 
2 Sectors 







Processing 
Up to 34 ms 



20 ms average rotational time 
to find the proper sectors 
2 ms for head select delay 
4 ms to read two sectors 



34 ms for processing 



Rotational Time 

Rotational time is the time required for the sector 
address specified in the instruction to reach the read/ 
write heads after the read instruction has been initi- 
ated. Since there is no way of predicting the relative 
positions of the disk sector addressed and the read/ 
write head at the time the instruction is executed, ro- 
tational time is based upon an arithmetic average of 
the minimum and maximum rotational times. 

There is a 2 ms delay, known as head select-delay, 
required for the selection of the appropriate read/ 
write head. After this time, the sector addressed could 
be read if it were the next sector about to pass under 
the read/write head; therefore the minimum rotational 
time would be 2 ms. If, during the head select-delay 
time, the sector addressed is passing under the read/ 
write head, then a complete rotation would be re- 
quired before the sector address could be read or 
written. Therefore, the maximum rotational time would 
be 42 ms; 40 ms for one rotation and 2 ms head select- 
delay. The average of these two times, 22 ms, is used 
for estimating rotational time. 

PROCESSING DURING ROTATIONAL TIME 

After the appropriate sector has come under the read/ 
write head, it can be assumed that the same sector will 
be available every 40 ms. Therefore the rotational time 
that elapses between a read and write instruction or 
between a write and check instruction could be 
utilized. 

Assume, for example, that a two-sector record is to 
be read, updated, and then returned to disk storage. 
The timing chart and block diagram for this operation 
are shown in Figure 95. 

The total time for this operation is 106 ms; the avail- 
able processing time is 68 ms. 



Write 
2 sectors 



2 ms head select delay 
4 ms to write two sectors 







Processing 
Up to 34 ms 







Check Disk 
2 Sectors 



34 ms for processing 



2 ms for head select delay 
4 ms to check two sectors 



106 



Figure 95. Disk Storage Timing — Two-Sector Record 

Processing time is reduced as more sectors are read 
or written. The timing for a 4-sector operation illus- 
trates this point: 



Read 

Process 
Write 

Process 
Check Disk 



20 ms average rotational time 
2 ms head select-delay time 
8 ms to read 4 sectors 

30 ms processing 

2 ms head select-delay time 
8 ms to write 4 sectors 

30 ms processing 

2 ms head select-delay time 
8 ms write check 

110 ms Total 



The total time in the preceding example is 110 ms, 
only 4 milliseconds longer than the 2-sector operation. 
However, total processing time during the rotational 
time is 60 ms as opposed to 68 ms in the earlier ex- 
ample. 
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Processing operations performed during rotational 
time should be carefully timed in order to keep the 
processing within the allowed time; if not, the through- 
put time for the program will be increased by one 40- 
ms revolution for each extension of processing time. 

Processing time between a write instruction and a 
check disk instruction can be used for updating control 
totals and/or arranging fields for printing. 

Data Transfer Time 

The data transfer time for a read, write, or check disk 
operation is 2 ms for each sector processed. 

When estimating the time for one of these instruc- 
tions, only the rotational time and the time to transfer 
the data are used. The 160 fisec required to execute the 
instruction in the processing unit is usually ignored 
because of the wide disparity in the units of measure- 
ments — milliseconds to microseconds — and also be- 
cause the millisecond values are only average times 



Some of the typewriter control operations can be 
overlapped with other processing. Figure 96 shows the 
total time, interlock time, and overlap time for all type- 
writer control operations. 





Total 


Processing Unit 


Available 


Operation 


Time 


Interlocked 


Overlap Time 


Return Element 


800 ms 


124 ms 


676 ms 


•Tabulate 


250 


56 


194 


Space 


56 


56 


none 


Backspace 


56 


56 


none 


Index 


124 


124 


none 



"'Approximately 20 positions. 



Figure 96. Timing for Typewriter Control Operations 



Console Typewriter 

Many applications that require careful timing esti- 
mates make limited use of the console typewriter be- 
cause of its relative slow speed as compared with other 
input/output units available. The following times are 
provided for the applications that use the console 
typewriter as an integral part of the system during 
processing. 

Input 

Input speed depends upon the typing speed of the con- 
sole operator. The speed of the typewriter is 15.5 cps. 
Input operations are unbuffered. 

Output 

Output operations consist of either typing data ( write 
instruction ) or of the following typewriter control op- 
erations, 

Return typing element 

Tabulate 

Space 

Backspace 

Index 

Typing operations are unbuffered. Minimum execu- 
tion times can be determined by dividing the number 
of characters to be printed by the speed of the type- 
writer; 15.5 cps. Actual execution times is a function 
of the number of characters printed, carriage returns, 
carriage shifts, etc. 



Paper Tape 

Paper tape can be used for both input and output to 
the system. Both operations are unbuffered and the 
time required to read or punch data can be determined 
by dividing the number of characters to be processed 
by the speed of the paper tape unit. The Paper Tape 
Reader operates at a speed of 150 cps, the Tape Punch 
operates at a rate of 15 cps. 



Plotter 

There are two models of the 1627 Plotter available. 
The difference between the two models is their operat- 
ing speed. The Model 1 operates at a rate of 300 incre- 
ments a second and the Model 2 operates at the rate 
of 200 increments a second. Throughput timing, how- 
ever, is more directly related to the number and kinds 
of plotter commands given because some commands 
require more time than others, as shown in the follow- 
ing diagram: 



Command 


Model 1 Time 


Model 2 Time 


(Lower pen) 


100 ms 


100 ms 


9 (Raise pen) 


100 


100 


1, 2, 3, 4, 5, 6, 
7, and 8 


3.3 


5 
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Throughput time is also dependent upon whether the 
system is operating at Single -Character (overlap) 
mode or Multiple -Character Record (nonoverlap) 
mode. 

Single-Character (Overlap) Mode 

The P-address of a write instruction can refer to any 
size record, but by using single-character records, each 
successive increment can be computed while the pre- 
vious increment is being drawn. In this manner, 1620 
computation instructions for the next increment or 
other processing are overlapped with plotting opera- 
tions. 

For example, a Write Numerically instruction and a 
data record consisting of the digit 5 followed by a 
record mark (54=) requires 3.3 ms for the 1627 Model 
1, or 5 ms for the 1627 Model 2. However, the 1620 
cpu is interlocked for only 200 /tsec. 

If a second 1620 plotter instruction is attempted be- 
fore completion of a previous plotter operation, the 
1620 waits until the plotter can accept the next com- 
mand. 



ly in the Processing Unit rather than instructions in- 
volving input/output units. 

Appendix A Instruction Summary provides formulas 
for determining instruction times. They enable the 
programmer to figure the time required for the pro- 
cessing of data, and, in combination with the input/ 
output operations, enable the programmer to effect 
efficient placement of instructions. To make realistic 
timing estimates for processing, it is necessary to con- 
sider the individual instructions used and the number 
of data characters involved in each operation. One ap- 
proach that can be used is: 

1. Develop a general block diagram for the problem 
to be solved. 

2. Define the operation performed in each block. 

3. Determine the number of and type of instructions 
required to accomplish the operations in the 
block. The length of the data fields should be 
known. 

4. Using the formulas listed in the Instruction Sum- 
mary, calculate the time required to perform the 
operations. 



Multiple Character Record (Nonoverlap) Mode 

When a record in core storage consists of more than 
one character, only the plotting of the last character 
can be overlapped with processing. For example, a 
record consisting or 05555922077779 4= is translated as 
follows: lower pen, move pen four increments in a — y 
direction, raise pen, move two increments diagonally 
( +x, +y), lower pen, move drum four increments in 
the — x (paper-up motion) direction, raise pen. 

The computer is interlocked during the plotting of 
all characters except the last character. The duration 
is approximately 330 ms with the 1627 Model 1 Plotter, 
or approximately 350 ms with the 1627 Model 2 Plot- 
ter. These timings are computed as follows: 



Output Record 1627-1 1627-2 

Characters Plotting Time, ms Plotting Time, ms 



100 100 
5555 13 20 

9 100 100 
22 7 10 

100 100 
7777 13 20 
9 0.3* 0.3* 

' 333.3 350.3 



*Approximately 99.7 ms available for 1620 processing before 
the 1627 can act on another plotting instruction. 

Estimating Process Time 

The term "processing time" as it is used here refers to 
the execution times of instructions performed internal- 



Throughput Timing 

The Throughput Timing Chart for the 1620 Data Pro- 
cessing System is not only an aid in timing a program, 
but also is a valuable guide for program development. 

Reading and Punching 

Figure 97 is a block diagram for a continuous opera- 
tion of reading a card, performing operations upon 



Read 



Process 



Punch 



Figure 97. Block Diagram — Reading and Punching 
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A more complete explanation of how to use this chart is contained i 
IBM 1620 Central Processing Unit Model 2 (A26-5781). 



1) Lay out job on chart. 

Determine total milliseconds per transaction. 



2) Throughput per Minute = 



60,000 



ms per transaction 



3) Calculate job time: 



Total Job Time : 



Volume of items 
Throughput per minute 



1. Total milliseconds 
per item. 

2. Throughput per minute 

3. Total job time 



Figure 98. Layout Chart — Reading and Punching 



data from the card, and then punching the results. A 
timing chart is shown in Figure 98. The times shown 
are for the 1622 Model 2 Card Read-Punch. In this 
example, a read instruction is given that reads the data 
from the read buffer (placed in there during loading 
operations ) into core storage, which causes the data 
from Card 2 to start reading into the buffer at the be- 
ginning of the next cycle. The beginning of the next 
card-read cycle is depicted as starting shortly after the 
read instruction; however, either the first read cycle or 
first punch cycle could have started anywhere within 
the next 120 ms or 240 ms depending upon how much 
of the previous cycle was completed when the first 
read or punch instruction was given. For the purposes 
of illustration, the two cycles are shown as starting at 
approximately the same time. Approximately 220 ms 
of processing time is available if a continuous punch- 
ing speed of 250 cpm is to be maintained. If the next 
read instruction is given before the clutch latch point 
of the next cycle ( note that one cycle is skipped ) , then 
the buffer data is transferred to core storage and the 
buffer is loading the data from the next card at the be- 
ginning of the next read cycle, and the processing unit 
is released to start execution of the punch instruction. 
If the next punch instruction is executed before the 
clutch latch point of the next punch cycle, the data 
from core storage is transferred to the punch buffer, 
the processing unit is released for processing of the 
next card, and data will automatically start punching 
from the punch buffer at the beginning of the next 
cycle. In this example, the throughput is 250 items a 
minute with 220 ms of processing time available for 
each item. 

Disk Storage and Printing Operations 

Figure 99 is a block diagram of operations for the 1311 
Disk Storage Drive and the 1443 Printer Model 1. In 
this example the 1622 Model 1 Card Reach-Punch is 
depicted. A timing chart for these operations is shown 
in Figure 100. This example graphically illustrates the 
overlapping of operations that is possible with the 1620 
Data Processing System. For example, referring to 
Figure 100, the following operations are being over- 
lapped: 

1. Card 3 is being read into the read buffer. 

2. The Disk Storage Drive is seeking the record 
from Card 2. 

3. Processing unit is processing for Card 2. 

4. Disk Record 2 is read, updated, written back into 
disk storage and checked. 

5. Printer is printing record 1. 

6. Punch is punching record 1. 








Process 
Update 
Disk 
Record 







Write 
Disk 
Record 



Check 
Disk 
Record 



Read 
Next 
Card 



Punch 
Record 







Process 
During 
Rotation 
Time 











Process 







Figure 99. Block Diagram-Disk Storage and Printing Operation 
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This example also illustrates the point that estimat- 
ing the throughput time may consist of merely deter- 
mining the speed of the i/o unit attached to the sys- 
tem, determining what i/o operations can be over- 
lapped, and then calculating the amount of process 
time available. If the estimated process time is less 
than the process time available, no other timing con- 
siderations may be necessary. 

Printing Cycle Greater than Punch Cycle 

Figure 101 shows the timing for a program using the 
1622 Model 2 and the 1443 Model 2. The 1622-2 punch 
cycle is 240 ms, but the 1443-2 with the 52-character- 



set type bar has a print cycle of 250 ms. This example 
illustrates the significance of the four-tooth punch 
clutch in the 1622 Card Read-Punch. The print cycle and 
the processing time extend beyond the 240 ms punch 
cycle; however, it is possible in this example to give 
the next punch instruction before the second clutch 
point has been reached. Thus, the number of milli- 
seconds required for each transaction is increased from 
240 ms to 360 ms. The throughput speed is calculated 
by dividing the number of milliseconds required for 
each transaction into 60,000. The throughput in this 
example is 166 transactions per minute; the total milli- 
seconds of processing time is approximately 297 ms. 
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Figure 100. Layout Chart — Disk Storage and Printing Operation 
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A more complete explanation of how to use this chart is contained i 
IBM 1620 Central ftocessing Unit Model 2 (A26-5781). 



1) Lay out job on chart. 


2) Throughput per Minute = 60,000 


3) Calculate job time: 


Determine total milliseconds per transaction. 


ms per transaction 








_ t . .it- Volume of items 
Total Job Time — 
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1. Total milliseconds 
per item. 
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Figure 101. Printing Cycle Greater Than Punch Cycle 
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Instruction Summary 



Instruction 


Op 
Code 


Cod 
Modifier 


Mnemonic 


© Timing 


Notes 


(2) P Address 


(5) Q Address 


Add 


21 




A 


10 (6.5 +.5D Q + D p ) - Basic Time 
10 Dp Recomp time. 


If signs Initially unlike and 
numerical value of Q data is 
greater than P data. 


Location of units position of 
Augend and Result. 


Location of units position of 
Addend . 


Add (I) 


11 




AM 


Same as Add 




Same as above . 


X Q 1 1 is units position of 
Addend. 


*AND to Field 


93 




ANDF 


10 (6 + 2DQ) 




Location of units position of 
P field. 


Location of units position of 
Q field. 


Branch 


49 




B 


40 




Location of next instruction 
executed. 


X Not used. 


•Branch and Load 


65 




BLX 


140 




Location of next instruction 
executed. 


Flags in Qg - Qi ] specify 
index register to be loaded. 
Data to be loaded is specified 
by Q address. 


•Branch and Load 
Index Register (I) 


66 




BLXM 


140 




Same as code 65. 


X Same as code 65 except the 
Q portion of the instruction 
contains the data to be loaded. 


•Branch and Modify 
Index Register 


61 




BX 


10(6.5 + .5D Q + L X ) 


L x = length of IX field. 


Same as code 65. 


Flags in Qg - Qiq specify 
index register to oe modified. 
Data to be added to register 
is specified by Q address. 


•Branch and Modify 
Index Register ( I ) 


62 




BXM 


140 




Same as code 65. 


X Same as code 61 except the 
Q portion of instruction con- 
tains the data to be added. 


Branch and Select 


60 




BS 


60 




Location of next instruction 


X Qt] = Set Index Registers 
(XR) OFF 

Q]| = 1 XR Band 1 ON, only 
Qjl = 2 XR Band 2 ON, only 
Q 1 1 - 8 indirect addressing 
OFF 

011=9 indirect addressing 
ON. 


•Branch and Store 
Index Register 


67 




BSX 


140 




Location of next instruction 
executed. 


Flags in Q3 - Qjq, specify 
Index register to be stored. 
Contents of register is stored 
at location specified by Q 
address. 




27 




BT 


io (7 s + i s n*-^ 




P-l: location of units posi- 
tion of field to which Q 
field is transmitted. 
P: location of next instruc- 
tion executed. 


Location of units position of 
field transmitted. 


Brcich and Transm.t 








Same as above. 




Same as above . 


X Q 1 1 is units position of field 
transmitted. 


Branch and Transmit 
Floating 


07 




BTFL 


10 (9.5 + 1.5L) 




Same as above . 


Location of units position of 
Exponent of field transmitted. 


Branch Back 


42 




BB 


20 




X Not used. 


X Not used. 


•Branch Conditionally 
and Modify Index 


63 




BCX 


10 (6.5 + .5Dq + L x ) 


L x = length of IX field. 


Branch: location of next 
instruction executed. 
No Branch: not used. 


Same as code 61 . 


•Branch Conditionally 
and Modify Index 


64 




BCXM 


140 




Some as above . 


X Same as code 62. 


Branch Indicator 


46 




Bl 


60 




Bianch: location of next 
instruction executed. 
No Branch: not used. 


X Qg and Qo specify program 
switch or indicator tested. 


Branch No Flag 


44 




BNF 


70 




Same as above. 


Location tested for flag bit. 


•Branch No Group 
Mark 


55 




BNG 


70 




Branch: location of next 
instruction executed. 
No Branch: not used. 


Location tested for record 
mark. 


Branch No Indicator 


47 




BNI 


60 




Same as above . 


X Same as code 46. 


Branch No Record 
Mark 


45 




BNR 


70 




Same as above. 


Location tested for Record 
Mark character. 


•Branch on Bit 


90 




BBT 


70 




Branch: location of next 
instruction executed. 
No Branch: not used. 


Q8 — Q 1 1 specify address of 
digit to be compared against 
bit configuration of Q7 position 
of instruction. 


Bianch on Digit 


43 




BD 


70 




Branch: location of next 
instruction executed. 
No Branch: not used. 


Location tested for digit other 
than zero. 


•Branch on Mask 


91 




BMK 


70 




Branch: Location of next 
Instruction executed. 
No Branch: not used. 


Qg - Qi ] specify address of 
digit to be compared against 
bit configuration of Q7 position 
of Instruction. 


•Check Disk 


36 


x07xl 
x07x3 
x07x5 
x07x7 


CDGN 
CDN 
CTGN 
CTN 


10 (6 + 2200 + 200S) 

Average Time 

(S = number of sectors) 


Check one sector - with WLRC 
Check one sector - no WLRC 
Check full track - with WLRC 
Check full track - no WLRC 


Address of Disk Control 
Field 


X Qg - Qo specify disk storage 
Q]j specifies function per- 
formed 
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Appendix A (Cont'd) 



Instruction 


Op 
Code 


Op 
Code 
Modifier 


SPS 
Mnemonic 


Timing 


Notes 


(2) P Address 


(g) Q Address 


Clear Flag 


33 




CF 


70 






Location of which flag is 
cleared. 


X 


Not used. 


Compare 


24 




C 


10 (8 + 1.5 D z ) - unlike signs 
10 (6.5 + .5Dq + Dp) - like signs 


0j_ = Number of positions 

compared until a digit 
other than zero is 
detected in either field. 




Location of units position 
of field compared with Q 
field. 




Location of units position of 
field compared with P field. 


Compare (I) 


14 




CM 


Same as above. 






Same as above. 


X 


Q 1 1 is units position of field 
compared with P field. 


"Complement Octal 
Field 


94 




CPFL 


10(6+2Dq) 






Location of units position 
of P field. 




Location of units position of 
Q field. 


"Control - Printer 
Space 
Skip 


34 




K 


60 + 
60 + 


Total Time: Refer to instruc- 
tion description 


X 


Not used. 


X 


Qg ~ Qo specifies printer code 
Q jn - Qi j specifies function 
performed. 


Control - Typewriter 

Return Element 
Backspace 
Index 
Tabulate 


34 


xOIxl 
x0lx2 
x01x3 
x01x4 
x01x8 | 


K 

SPTY 
RCTY 
BKTY 
IXTY 
TBTY 


56 ms 
124 ms t 
56 ms 
124 ms 
56 ms + 


i oral i ime: Do ms 
Total Time: 800 ms 
Total Time: 56 ms 
Total Time: 124 ms 
Total Time: 250 ms 


X Not used 


X Qg - Qo specifies typewriter 
code. 

Q]] specifies function per- 
formed. 


"Decimal to Octal 
conversion 


97 




DTO 


10(31 +T Q +4.125T Q (Tq + 1)) 


Tq ~ Position number of table 
addressed . Average 
octal digit = 3.5. 




Location of leftmost posi- 
tion of field where the 
result is to be stored. 




Address of units digit of the 
power-of-eight number to be 
used in first subtraction. 


Divide 


29 




D 


10(6 + 13.5Q t +9.75D v Q t ) 


Average value of quotient 
digit = 4.5 




Location in Product Area 
of units position of 
divisor for first subtrac- 
tion. 




Location of units position of 
Divisor. 


Divide (I) 


19 




DM 


Same as above. 


Same as above. 




Same as above. 


X 


Q j 1 is units position of 
Divisor 


Dump Numerically 

* Card 

* Paper Tape 

* Plotter 

* Printer 
Typewriter 


35 


x04xx 
x02xx 
x02xx 
x09xx 
xOlxx 


DN 

DNCD 

DNPT 

(None) 

PRD 

DNTY 


1 . 7 ms t 

15 characters a second 

200 psec f (single character). 

2. 1 ms t 

15.5 characters a second 






Core storage location of 
first character written. 


X 


Q8 ~ Q9 specify output unit. 


"Exclusive OR to 
Field 


95 




EORF 


10 (6 + 2Dq) 






of P a field° f UmtS POS,h ° n 




Location of un.ts pos.tion of Q 


"Floating Add 


01 




FADD 


10 (15 +2.2L) average 


If signs initially unlike and 
numerical value of Q data 
is greater than P data. 




Location of units position 
of Exponent of Augend 
and Result. 




Location of units position of 
Exponent of Addend. 


"Floating Divide 


09 




FDIV 


10 (34.5 + 27L + 9.75 L 2 ) average 






Location of units position 
of Exponent of Dividend 
and Quotient. 




Location of units position of 
Exponent of Divisor. 


"Floating Multiply 


03 




FMUL 


10(28 + 3L + 4L Z +4L (L- L z )) 


L2 = number of zeros in 
mantissa. 




Location of units position 
of Exponent of Multi- 
plicand and Product. 




Location of units position of 
Exponent of Multiplier. 


"Floating Shift Left 


05 




FSL 


10(7 + 2l + 2L') 


L' = number of digits 

mantissa is increased 
by shift left. 




Location of high-order 
position or resulting 
field. 




Location of units position of 
field shifted. 


"Floating Shift Right 


08 




FSR 


10 (7 + 2L) 






Location of units position 
of field shifted. 




Location of units position of 
resulting field. 


"Floating. Subtract 


02 




FSUB 


10 (15 +2.2L) average 
10L Recomp time. 


If signs initially alike and 
numerical value of Q data is 
greater than P data . 




Location of *u nits position 
of £xponent of Minuend 
and Result. 




Location of units position of 
Exponent of Subtrahend. 


Halt 


48 




H 


60 




X 


Not used. 


X 


Not used. 


Load Dividend 


28 




LD 


10 (17.5 + 1.5 D N ) 


D^ = number of digits, 

including high-order 
zeros in the dividend. 




Location in Product Area 
to which units position of 
Dividend is transmitted. 




Location of units position of 
Dividend. 


Load Dividend (J) 


18 




LDM 


Same as above. 






Same as above. 


X 


Q|| is units position of 
Dividend. 


"Move Address 


70 




MA 


140 






Location of units position 
of address of where data 
is moved to. 




Location of units position of 
address of where data is moved 
from. 


Move Flag 


71 




MF 


80 






Location to which flag 
is moved. 




Location of flag to be moved. 


Multiply 


23 




M 


10 (16 + D Q + 4L Z + 4Dp (D Q - L z )) 


t_z is number of zeros in 
multiplier field. 




Location of units position 
of multiplicand. 




Location of units position of 
Multiplier. 


Multiply (I) 


13 




MM 


Same as above. 


Same as above. 




Same as above. 


X 


Qn is units position of 
Multiplier. 


No Operation 


41 




NOP 


60 




X 


Not used. 


X 


Not used. 


"Octal to Decimal 
Conversion 


96 




OTD 


10 (28+Dq (2DQ-1)) 






Location of units position 
of conversion table. 




Location of units digit of the 
field to be converted. 


"OR to Field 


92 




ORF 


1Q.(6 + 2DQ) 






Location of units position 
of P field. 




Location of units position of 
Q field. 
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Instruction 


Op 
Code 


Op 
Code 
Modifier 


SPS 
Mnemonic 


(7) Timing 


Notes 


(5) P Address 


(?) Q Address 


Read Alphamerical ly 

* Card 

* Paper Tape 

* Typewriter 


37 


xOSxx 
x03xx 
xOlxx 


RA 

RACD 
RAPT 
RATY 


1.7 ms f 

150 characters per second 
Speed of operator 




P-l: location where zone 
digit of first character 
is stored. 

ical digit of first charac- 
ter is stored. 


X Q3 and Qo specify input unit . 


*Read Binary Paper 


37 


x33xx 


RBPT 


150 characters per second. 




Location where first 
character is stored. 


X 0.3 - Qo specify Paper Tape 
Reader 


Keaa lmsk 


36 


x07x0 
x07x2 
x07x4 
x07x6 


RDGN 
RDN 
RTGN 
RTN 


10 (6 + 2200 + 200S) 
Average Time 

S number of sectors. 


Read Sectors - with WLRC 
Read Sectors - no WLRC 
Read full track - with WLRC 
Read full track - no WLRC 


Address of Disk Control 
Field. 


X Qg - Qo specify disk storage 
Q j j specifies function per- 
formed. 


Read Numerically 

* Card 

* Paper Tape 
Typewriter 


36 


x05xx 
x03xx 
xOlxx 


RN 

RNCD 
RNPT 
RNTY 


1.7 ms t 

150 characters per second 
Speed of operator 




Location where first 
character is stored. 


X Qg - Qo specify input unit. 


*Seek 


34 


x07xl 


SK 


160 usee t 


Average access time = 250 
ms. Refer to timing section 
for additional information. 


Address of Disk Control 
Field. 


X Qg - Qo specifies disk storage 
code. Qji specifies seek 
operation. 


Set Flag 


32 




SF 


70 




Location at which flag 
is set. 


X Not used. 




22 




s 


10 (6.5 + .5 Dq + Dp) - Basic Time 
10 Dp - Recomp Time 


If signs initially alike and 
numerical value of Q data 
greater than P data. 


Location of units position 
of minuend and result. 


Location of units position of 
subtrahend. 


Subtract (1) 


12 




SM 


Same as above. 


Same as above . 


Same as above. 


X Q 1 ] is units position of 
Subtrahend . 


Transmit Digit 


25 




TD 


80 




Location to which digit is 
transmitted. 


Location of digit transmitted. 


Transmit Digit (1) 


15 




TDM 


80 




Same as above . 


X Q || is digit transmitted. 


Transmit Field 


26 




TF 


10 (6.5 + 1.5 Dq) Average 




Location to which units 
position of field is trans- 
mitted. 


Location of units position of 
field transmitted. 


Transmit Field (1) 


16 




TFM 


Same as above. 




Same as above 


X Q)l is units position of field 
transmitted . 


Transmit Floating 


06 




TFL 


10 (9.5 + 1.5 Dq) Average 




Location of units positions 
of Exponent of resulting 
field . 


Location of units position of 
Exponent of field transmitted. 


Transmit Record 


31 




TR 


10 (6.5 + 1.5 Dq) 




Location to which high- 
order position of record 
is transmitted. 


Location of high-order position 
of record transmitted . 


Transmit Record No 
RM 


30 




TRNM 


10 (6.5 + 1.5 Dq) 




Same as above . 


Same as above . 


Transfer Numeric 
Fill 


73 




TNF 


10 (6 + Dp) 




Location of units position 
of alphameric field. 


Location of units position of 
numeric field. 


Transfer Numeric 
Strip 


72 




TNS 


10 (6 + Dp) 




Same as above . 


Same as above. 


Write Alphamerical ly 

* Card 

* Paper Tape 

* Plotter 

* Printer 
Typewriter 


39 


x04xx 
x02xx 
x02xx 
x09xx 
xOlxx 


WA 

WACD 

WAPT 

(None) 

PRA 

WATY 


1 . 7 ms f 

15 characters a second. 

200 psec t (single character). 

2. 1 ms -f 

15.5 characters a second. 




Core storage location of 
first character written . 


X Qg - Qo specify output unit. 


*Write Binary Paper 
Tape 


37 


x32xx 


WBPT 


15 characters a second. 




Core storage location of 
first character written. 


X Qg - Q$ specify Paper Tape 
Punch. 


*Write Disk 


38 


x07x0 
x07x2 
x07x4 
x07x6 


WDGN 
WDN 
WTGN 
WTN 


10 (6 + 2200 + 200S) 
Average Time 

(S= number of sectors) 


Write Sectors - with WLRC 
Write Sectors - no WLRC 
Write full track - with WLRC 
Write full track - no WLRC 


Address of Disk Control 
Field. 


X Qg - Qo specify disk storage 
Q|) specifies function per- 
formed. 


Write Numerically 

* Card 

* Paper Tape 

* Plotter 

* Printer 
Typewriter 


38 


x04xx 
x02xx 
x02xx 
x09xx 
xOlxx 


WN 

WNCD 

WNPT 

(None) 

PRN 

WNTY 


1.7 ms t 

15 characters a second. 

200 psec t (single character). 

2. 1 ms t 

15.5 characters a second. 




Core storage location of 
first character written. 


X Qg - Qo specify output unit. 



NOTES: 



1 . Times consist of total time for instruction, or in some cases 
(as indicated by a " t ") only the time the CPU is interlocked. 
(Refer to "Notes"column. Times an provided in microseconds 
unless otherwise indicated. 



2. X in the column indicates indirect addressing NOT possible. 

Dp = Number of digits, including high-order zeros, inthe field at P (I) 

Dq = Number of digits, including high-order zeros, of Q. ms 

Qf = Number of digits, including high-order zeros, in the quotient. WLRC 

L = Number of digits in mantissa. 

Dv = Number of digits, including high-order zeros, in the divisor. 



Immediate 
Milliseconds 

Wrong Length Record Check 
= Special Feature 
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Appendix B 



Bit Configuration of Decimal Digits 



7 620 Storage Register Functions 



Digit 


Bit Configuration 


C 


F 


8 


4 


2 


1 





X 












1 












X 


2 










X 




3 


X 








X 


X 


4 








X 






5 


X 






X 




X 


6 


X 






X 


X 




7 








X 


X 


X 


8 






X 








9 


X 




X 






X 



Multiply Table 



High-Order 
Positions of 
Address 




Units Position o 


f Address 











1 


2 


3 


4 


5 


6 


7 


8 


9 


0010 
































0011 








1 





2 





3 





4 





0012 








2 





4 





6 





8 





0013 








3 





6 





9 





2 


1 


0014 








4 





8 





2 


1 


6 


1 


0015 








5 










5 


1 





2 


0016 








6 





2 




8 


1 


4 


2 


0017 








7 





4 




1 


2 


8 


2 


0018 








8 





6 




4 


2 


2 


3 


0019 








9 





8 




7 


2 


6 


3 


0020 
































0021 


5 





6 





7 





8 





9 





0022 





1 


2 


1 


4 


1 


6 


1 


8 


1 


0023 


5 


1 


8 


1 


1 


2 


4 


2 


7 


2 


0024 





2 


4 


2 


8 


2 


2 


3 


6 


3 


0025 


5 


2 





3 


5 


3 





4 


5 


4 


0026 





3 


6 


3 


2 


4 


8 


4 


4 


5 


0027 


5 


3 


2 


4 


9 


4 


6 


5 


3 


6 


0028 





4 


8 


4 


6 


5 


4 


6 


2 


7 


0029 


5 


4 


4 


5 


3 


6 


2 


7 


1 


8 



Table Areas in Core Storage 



Address 

00000-00099 
00080-00099 
00100-00299 



Area 

Console Area 
Product Area 
Multiply Table 



IR-1 Contains address of next instruction if machine is 

stopped with Stop key or Halt instruction. Saves 
return address when interrupt is serviced. (1710 
Control System) 

IR-2 Saves return address when any branch and transmit 

instruction is executed. 

IR-3 Contains interrupt address - used in place of IR-1 

during interrupt program operation (1710 Control 
System only) . 

IR-4 Saves return address when any Branch and Transmit 

instruction is executed in the Interupt Program 
(1710 Control System only), 

OR-1 Contains Q address after I cycle of an instruction. 

In disk storage operations, used to store and control 
disk sector address. 

OR-2 Contains P address after I cycle of an instruction. 

In disk storage operations contains core storage 
address where data from disk storage is written to 
or read from. 

OR -3 Retains address of low-order multiplier digit during 
multiplication. 

OR -4 Used to store and control the exponent address Eq 
during automatic floating-point operations,, 

OR -5 Used to store and control the exponent address Ep 
during automatic floating-point operations. 

PR— 1 Saves return address when a Save key operation 

occurs. Decremented for each new multiplier digit 
during multiply. 

PR-2 Decremented for each new multiplicand digit during 

multiply. In disk storage operations, used to store 
and control number of sectors in operation. 

MAR Addresses core storage 

MBR Receives digits leaving core storage. 

MIR Receives digits entering core storage. 

OP Contains Op code of instruction just executed if 

machine is stopped with Stop key or Halt instruction. 

CR-1 Used to store the algebraic difference between Ep 

and Eq for determination of decimal alignment during 
automatic floating-point operations. CR-1 is also 
used during floating-point operations to count high- 
order zeros when normalizing - the contents of CR-1 
are subtracted from Ep. 



Multiplier/Quotient 



Data Register 



Contains multiplier and quotient digits 
during multiply and automatic divide 
operations. 

Decodes Q8 and Q9 digits of Bl, BNI 

and I/O instructions. 

Stores partial product digits during 

multiply instructions. 

Stores digits affecting MARS during all 

I cycles. 

Stores one of tf\e digits used in any 
addition or subtraction. 
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Appendix C 

Character Coding 



ALPHABETIC MODE 



Character 


Input 


Numeric 
Code 


Core Storage 


Output 


Typewriter 


Paper 
Tape 


Disk S 
Zone 


forage (A 
Numeric 


Card 


Zone 


Numeric 


1 Paper 
Typewriter 1 Tape 


Disk S 
Zone 


forage ( A 
Numeric 


Card 


Printer 


\DiariK) 


(space) 


C 


C 


C 


blank 


00 


C 


C 


space_ 


C 


C 


C 


blank 


blank 


. (period) 




X0821 


C 


C21 


12-3-8 


03 


C 


C21 




X082 1 


C 


C21 


12-3-8 




) 


) 


CX084 


C 


4 


12-4-8 




C 


4 


\ 
) 


CX084 


C 


4 


12-4-8 


) 




+ 


CXO 


1 


C 


12 


10 


1 


C 




CXO 


1 


C 


12 


+ 




$ 


CX821 


1 


C21 


1 1 -3-8 


13 


1 


C21 


t 
•p 


LAOZ 1 


1 


C21 


11-3-8 


$ 


* 




X84 


1 


4 


1 1 -4-8 


14 


1 


4 




X84 


1 


4 


1 1 -4-8 




-(hyphen) 




X 


2 


C 


1 1 


20 


2 


C 




x 


2 


C 


1 1 




/ 


/ 


C0\ 


2 


1 


0-1 


21 


2 


1 


/ 


COl 


2 


1 


0-1 


/ 






C0821 


2 


C21 


0-3-8 


23 


2 


C21 




C0821 


2 


C21 


0-3-8 




( 


( 


084 


2 


4 


0-4-8 


24 


2 


4 


/ 
\ 


■ 084 


2 


4 


0-4-8 


( 


l SPeC ' al) 












26 


2 


42 




C0842 


2 


C42 










82) 


C21 


C21 


3-8 


33 


C21 


C21 




82 1 


C21 


C21 


3-8 




fa) 


@ 


C84 


C21 


4 


4-8 


34 


C2] 


4 


(5) 


C84 


C21 


4 


4-8 


@ 


A 


A 


X01 


4 


1 


12-1 


4 1 


4 


1 




X01 


4 


1 


12-1 


A 


B 


B 


X02 


4 


2 


12-2 


42 


4 


2 


g 


X02 


4 


2 


12-2 


B 


C 


C 


CX021 


4 


C21 


12-3 


43 


4 


C21 




CX021 


4 


C21 


12-3 


C 


D 


D 


X04 


4 


4 


12-4 


44 


4 


4 




X04 


4 


4 


12-4 


D 


E 


E 


CX041 


4 


C41 


12-5 


45 


4 


C41 


£ 


CX04 1 


4 


C41 


12-5 


E 


p 


F 


CX042 


4 


C42 


12-6 


46 


4 


C42 


p 


CX042 


4 


C42 


12-6 


F 




G 


X0421 


4 


421 


12-7 


47 


4 


421 




X042 1 


4 


421 


12-7 


G 


H 


H 


X08 


4 


8 


12-8 


48 


4 


8 


H 


y no 

AUtJ 


4 


8 


12-8 


H 


1 


1 


CX081 


4 


C81 


12-9 


49 


4 


C81 


1 


CX08 1 


4 


C81 


12-9 


1 





(none) 


(none) 


C41 


C 


11-0 


50 


C41 


C 






C41 


C 


11-0 




J/-1 


J 


CXI 


C41 


1 


11-1 


51 


C41 


1 


j 


CX 1 


C41 


1 


1 1-1 


J 


K/-2 


K 


CX2 


C4) 


2 


11-2 


52 


C41 


2 


K 


CX2 


C41 


2 


11-2 


K 




L 


X21 


C41 


C21 


11-3 


53 


C41 


C21 


L 


X21 


C41 


C21 


11-3 


L 


M/-4 


M 


CX4 


C41 


4 


11-4 


54 


C41 


4 


M 


CX4 


C41 


4 


11-4 


M 


N/-5 


N 


X41 


C41 


C41 


11-5 


55 


C41 


C41 


N 


X41 


C41 


C41 


11-5 


N 


0/-6 


O 


X42 


C41 


C42 


11-6 


56 


C41 


C42 


O 


X42 


C41 


C42 


11-6 


O 


P/-7 


P 


CX421 


C41 


421 


11-7 


57 


C41 


421 


p 


CX421 


C41 


421 


11-7 


P 




Q 


CX8 


C41 


8 


11-8 


58 


C41 


8 


Q 


CX8 


C41 


8 


11-8 


Q 


P /_Q 


R 


X81 


C41 


C81 


1 1-9 


^0 


C41 


C81 


R 


X81 


C41 


C81 


11-9 


R 


s 


S 


C02 


C42 


2 


0-2 


62 


C42 


2 


S 


C02 


C42 


2 


0-2 


S 


y 


T 


021 


C42 


C21 


0-3 


63 


C42 


C21 


T 


021 


C42 


C21 


0-3 


T 




U 


C04 


C42 


4 


0-4 


64 


C42 


4 


U 


C04 


C42 


4 


0-4 


U 




V 


041 


C42 


C41 


0-5 


65 


C42 


C41 


V 


041 


C42 


C41 


0-5 


V 


W 


W 


042 


C42 


C42 


0-6 




C42 


C42 


w 


042 


C42 


C42 


0-6 


W 


x 


X 


C0421 


C42 


421 


0-7 


67 


C42 


421 


X 


C0421 


C42 


421 


0-7 


X 


Y 


Y 


C08 


C42 


8 


0-8 


68 


C42 


8 


Y 


C08 


C42 


8 


0-8 


Y 




z 


081 


C42 


C81 


0-9 


69 


C42 


C8 1 


z 


081 


C42 


C81 


0-9 


~2_ 











421 


C 


or 12-C 


70 


421 


C 








421 


C 








1 


1 


1 


421 


1 


1 


71 


421 


1 


1 


1 


421 


1 


1 


1 


2 


2 


2 


421 


2 


2 


72 


421 


2 


2 


2 


421 


2 


2 


2 


3 


3 


C21 


421 


C21 


3 


73 


421 


C21 


3 


C21 


421 


C21 


3 


3 


4 


4 


4 


421 


4 


4 


74 


421 


4 


4 


4 


421 


4 


4 


4 


5 


5 


C41 


421 


C41 


5 


75 


421 


C41 


5 


C41 


421 


C41 


5 


5 


6 


6 


C42 


421 


C42 


6 


76 


421 


C42 


6 


C42 


421 


C42 


6 


6 


7 


7 


421 


421 


421 


7 


77 


421 


421 


7 


421 


421 


421 


7 


7 


8 


8 


8 


421 


8 


8 


78 


421 


8 


8 


8 


421 


8 


8 


8 


9 


9 


C81 


421 


C81 


9 


79 


421 


C81 


9 


C81 


421 


C81 


9 


9 




* 


082 


082 




0-2-8 


lllliililii 


C 


C82 


*' 






'082 


082 


0-2-8 


(none) 


i 


(none) 


X82 


CX082 


11-2-8 




C41 


C82 


4 






X82 


CX082 


1 1-2-8 


(none) 




* 


08421 


08421 


0-7-8 




C 


C8421 








03421 


08421 


0-7-8 


(none) 


* 


(none) 


X8421 


CX 08421 


12-7-8 




C41 


C8421 


* 






1X8421 


CX08421 


12-7-8 


(none) 



\^ Disk storage operations can be in numeric mode only. 

Two-digit character representations is shown for convience. 
J) Dump Numerically instruction only. For Write Alphamerically and Write Numerically instructions an EOL character is 
punched in paper tape and no output is provided on the typewriter. 
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Appendix C (Cont'd) 



NUMERIC MODE 



Character 


Input 


Numeric 
Code 


Core Storage 


Output 




Typewriter 


Paper 
Tape 


Disk 
Storage 


Card 


Zone 


Numeric 


Typewriter 


Paper 
Tape 


Disk 
Storage 


Card 


Printer 


0(+) 



1 



1 


C82 
1 


Oor 12-0 
1 






C 



1 





C82 



1 



1 


1 
2 


2 


2 


2 


2 






1 
2 


2 


1 
2 


1 

2 


2 


2 


3 


3 


C21 


C21 


3 






C21 


3 


C21 


C21 


3 


3 


4 


4 


4 


4 


4 






4 


4 


4 


4 


4 


4 


5 


5 


C41 


C41 


5 






C41 


5 


C41 


C41 


5 


5 


6 


6 


C42 


C42 


6 






C42 


6 


C42 


C42 


6 


6 


7 


7 


421 


421 


7 






421 


7 


421 


421 


7 


7 

g 

9 


8 
9 


8 
9 


8 

C81 


8 

C81 


8 
9 






8 

C81 


8 
9 


8 

C81 


8 

C81 


8 
9 


O(-) 


6 


XorCXO 


X82 


11-0 






F 





X 


X82 


11-0 




-1 


T 


CXI 


CXI 


11-1 






CF1 


T 


CXI 


CXI 


11-1 


J 


-2 


2 


CX2 


CX2 


11-2 






CF2 


2 


CX2 


CX2 


11-2 


K 


-3 


3 


X21 


X21 


11-3 






F21 


3 


X21 


X21 


11-3 


L 


-4 


4 


CX4 


CX4 


11-4 






CF4 


4 


CX4 


CX4 


11-4 


M 


-5 


5 


X41 


X41 


11-5 






F41 


5 


X41 


X41 


11-5 


N 


-6 


6 


X42 


X42 


11-6 






F42 


6 


X42 


X42 


11-6 


O 


-7 


7 


CX421 


CX421 


11-7 






CF421 


7 


CX421 


CX421 


11-7 


P 


-8 


8 


CX8 


CX8 


11-8 






CF8 


8 


CX8 


CX8 


11-8 


Q 


-9 


9 


X81 


X81 


11-9 






F81 


9 


X81 


X81 


11-9 


R 


* 




082 


082 


0-2-8 






C82 


# * 


*082 


082 


0-2-8 


(none) 


* 


i 


X82 


CX082 


11-2-8 






F82 


# * 


*X82 


CX082 


11-2-8 


(none) 




t 


08421 


08421 


0-7-8 






C8421 


#* 


* 08421 


08421 


0-7-8 


(none) 


* 


f 


X8421 


CX 08421 


12-7-8 






F8421 


# * 


*X8421 


CX 08421 


12-7-8 


(none) 


numeric 
blank 


@ 


C84 


C 


4-8 






C84 


@ 


C84 


C 


blank 


blank 



** Card output is (11) on Dump Numeric instruction. 

* Dump Numerically instruction only. For Write Alphamerically and Write Numerically instructions an EOL character is 
punched in paper tape and no output is provided on the typewriter. 



1443 Printer Output with Dump Numerically instructions 



Character 


Core Storage 


Output 


Write Numeric 


Dump Numeric 


numeric blank 


C84 


(blank) 


@ 




C82 


(none) 




* 


C8421 


(none) 


G 


numeric blank 
flagged 


F84 


(none) 


* 




F82 


(none) 


W 


* 


F8421 


(none) 


X 
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Appendix D 



Core Sforage Data Resulting from Reading 
Alphameric Card Data with RN Instruction 



Character 


Bits entered into 
Core Storage by Read 
Numerically Instruction 
C F 8 4 2 1 


A 












X 


B 










X 




C 


X 








X 


X 


D 








X 






E 


X 






X 




X 


F 


X 






X 


X 




G 








X 


X 


X 


H 






X 








1 


X 




X 






X 


J 


X 


X 








X 


K 


X 


X 






X 




L 




X 






X 


X 


M 


X 


X 




X 






N 




X 




X 




X 


O 




X 




X 


X 




P 


X 


X 




X 


X 


X 


Q 


X 


X 


X 








R 




X 


X 






X 


S 










X 




T 


X 








X 


X 


U 








X 






V 


X 






X 




X 


w 


X 






X 


X 




X 








X 


X 


X 


Y 






X 








z 


X 




X 






X 



NOTE: Dollar sign, equal sign, period, and comma are 
Transmit Record Instructions. 



Character 


Bits entered into 
Core Storage by Read 
Numerically Instruction 
C F 8 4 2 1 





X 












1 












X 


2 










X 




3 


X 








X 


X 


4 








X 






5 


X 






X 




X 


6 


X 






X 


X 




7 








X 


X 


X 


8 






X 








9 


X 




X 






X 


/ 












X 


. (period) 






X 




X 


X 


, (comma) 






X 




X 


X 


(a) 


X 




X 


X 






( 


X 




X 


X 






) 


X 




X 


X 












X 




X 


X 


* 




X 


X 


X 










X 










+ 




X 










Card 11,0 

I/O 




X 










Only 12,0 


X 














X 




X 




X 






X 




X 


X 


X 


X 


$ 


X 


X 


X 




X 


X 


Blank 


X 













interpreted as record marks on Write Numerically and 
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Appendix E Program Load Routines 



Examples of a paper tape load routine and a card load 
routine are explained in detail in this section to illus- 
trate the concept of program loading. 



Paper Tape Load Routine 

Large records, like small records, consist of data ( pro- 
gram instructions are also considered data ) and an el 
punch in paper tape. The el punch, which terminates 
the record, enters core storage as a record mark ( 4= ) • 
The format below represents a large record in core 
storage. 

DATA =4 

The following format represents the same record sep- 
arated into four smaller records by el punches in the 
paper tape. 

DATA. .=)= DATA. .4= DATA. .4= DATA. .4= 

Each el punch causes a record mark to replace a 
character in core storage. Where individual records are 
interspersed in core storage, rather than stored in a 
continuous line, it is sometimes necessary to restore 
the characters that the record marks replace. This is 
done by transferring each character to another location 
before the record mark replaces it, and then, after the 
record mark has been stored, to transfer the character 
back, wiping out the record mark. The following load 
routine saves these characters. Read the explanation 
completely for clarification of early steps. 

The format of the load routine and of data records 
in paper tape is: 

LOAD 4= ddddd^aaaaa! 4= DATA X . . 4= ddddd 2 
36aaaaa 2 4= DATA 2 . . 4=- The load routine is repre- 
sented by LOAD. Each ddddd36aaaaa is an address- 
ing record for the next data record (DATA. . 4=). 
ddddd is the address of the character that will be re- 
placed by the following DATA record mark, and aaaaa 
is the address into which the following DATA record 
will be read. The LOAD and addressing record marks 
are of no concern. 



The load routine (LOAD) is read in by use of the 
Insert (36 00000 00100), Release, and Start keys. The 
load routine is as follows: 

00000 41 00000 00000 No OP 

00012 36 00031 00300 Read paper tape into 00031 

00024 25 00071 ddddd Transfer digit from location 

ddddd to 00071 
00036 36 aaaaa 00300 Read paper tape into aaaaa 
00048 26 00066 00035 Transfer field from 00035 to 00066 
00060 15 00000 00000 Transfer Digit Immediate 
00072 49 00012 Branch 

After the load routine reads from paper tape into 
core storage locations 00000-00079 as a result of the 
above Insert operation, Release and Start key depres- 
sions are again required to initiate computer operation 
at 00012. The second Load instruction is executed, and 
the first addressing record, ddddd^aaaaa^, re- 
places part of the third and fourth Load instructions. 
The placement of the 4= m Q? of the fourth instruction 
is of no concern. 

ddddd is the predetermined location of the character 
in core storage that the next DATA record mark tem- 
porarily replaces. The character is saved (third in- 
struction) and transferred back (sixth instruction) to 
replace the 4=- 

aaaaa is the core storage location for each DATA 
record. 

The third instruction, now 25 00071 ddddd, is ex- 
ecuted. The character at ddddd is transferred to 00071 
( Qn of the sixth instruction ) . 

The fourth instruction, now 36 aaaaa 00300, is 
executed. The next DATA record enters core storage, 
beginning at location aaaaa. 

The fifth instruction, 26 00066 00035, is executed, 
and ddddd becomes the P address of the sixth in- 
struction. 

The sixth instruction, now 15 ddddd 0000X (X is 
the saved character ) transfers the saved character back 
to its original location. Thus, the 4= at the end of each 
data record is replaced by the character that was 
there originally. 

The last instruction of the load routine, 49 00012, 
branches the computer to the second instruction, and 
reads in the addressing record for the next data record. 
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The last addressing and data records are used to 
branch the computer to the starting address of the 
loaded program. They are 000793600074 4= and sssss 
=|= ( sssss is the starting address ) . 



Card Load Routine 

The following five-instruction load routine is also an 
example of indirect addressing. Without indirect ad- 
dressing, the program would require 12 instructions. 
The program is straightforward and simple, and in 
addition simplifies the preparation of program cards. 
Other advantages are: 

1. Program cards may be loaded in any sequence. 

2. The address being loaded is punched in card 
columns 1 to 5 for easy card identification. 

3. From 1 to 60 digits (as many as 5 instructions) 
may be loaded by each program load card. 

4. After loading data from the last program cards, 
the program will branch to any address specified 
by the programmer in the last card and start the 
main program. 

5. Data cards may be placed in the card reader 
with the program deck, thereby reducing card 
handling. 

6. Cards containing corrections to the original pro- 
gram ( patch cards ) can be added to the program 
deck whenever necessary. 

7. To simplify the explanation, 19901-19980 is used 
as a read-in area. It cannot be loaded by the pro- 
gram. The last paragraph describes a program 
that avoids this restriction. 

Operating Instructions 

To load the program, reset the 1620, place the card 
deck in the 1622 Card Read-Punch, and press the Load 
key. 

Card Sequence 

The cards are arranged in the following sequence: 

1. The program loader card (one card, punched 
with the following program). 

2. Program cards ( see their format which follows ) . 

3. The last program card, containing the branch 
address. 

4. Data cards, if any. 

The Program Loader Card 

This card is punched in card columns 1 to 56 with the 
following information: 



36 19901 00500 25 00080 19910 31 19905 19920 25 
19910 00080 49 19915 =|=. It is loaded to locations 00000 
to 00079 by the Load Key. Note that each of the last 
four instructions contains an indirect address, referring 
to a field in the input area. Refer to the Program Card 
Format for an explanation of each instruction. The 
program begins at 00000, and continues: 



Location 


Mnemonic 
Op Code 


Instruction 


Explanation 


00000 


RNCD 


36 19901 00500 


Read card to input area 


00012 


TD 


25 00080 19910 


Save digit where record 
mark will fall 


00024 


TR 


31 19905 19920 


Store the instructions 
from the card 


00036 


TD 


25 19910 00080 


Put the digit back again 


00048 


B 


49 19915 4= 


Branch to 00000 or the 
program 



Program Card Format 



19901 



xxxxx 
1-5 



19910 

t 

xxxxx 
6-10 



Address Address 
for card where 4 1 
col. 20 will fall 



xxxxx 
11 - 15 
Blank 
except 
last card 



20 



x 4= 

79 '80 



Program instructions or 
constants. Last digit is 
followed by a =)= 



Card 
Columns 

1-5 



Explanation 

The address to which the data from card column 20 
and on, will be transferred. It is referred to indirectly 
in the third instruction. No flag is needed with this or 
the other addresses. 

6-10 The address to which the record mark will be trans- 
ferred by the third instruction. This address is re- 
ferred to indirectly to save and later to restore the 
digit that will be erased by the record mark. If the 
digit at that address will be loaded by a card that fol- 
lows, and if proper program card sequence can al- 
ways be maintained, the address may be left blank. 

11-15 Blank in all but the last program load card to cause 
a branch to 00000. In the last program load card, 
these columns contain the address at which the main 
program is to start. 

16-19 Not used. Card sequence number or program number 
may be punched here. 

20-80 The data to be loaded, followed by a record mark. 
The data may be any numerical data, flagged or not. 
It may not contain a record mark. The first character 
is in card column 20. If one instruction is to be load- 
ed, the record mark should be in column 32. 



Load Routine Analysis 

The first instruction, 36 19901 00500, reads the data 
from each card into the load area (19901-19980 in 
this case). A record mark is placed in 19980. 

The second instruction, 25 00080 19910, transfers 
the digit that the record mark in 19980 will replace 
during the third instruction to 00080. Note the indirect 
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Q address ( 19910) - the field at 19910 was loaded by 
columns 6-10 of the card. For example, if the data in 
19901-19980 is to be transferred to 10000-10079 by the 
third instruction, the digit at 10079 is transferred to 
00080 by the second instruction. The fourth instruction 
returns the saved digit to 10079. 

The third instruction, 31 19905 19920, transmits the 
five instructions and the record mark from 19920-19980 
to the address specified by the data at 19905 (19905 
is an indirect address). This address was punched in 
columns 1-5 of the card. 

The fourth instruction, 25 19910 00080, transfers the 
saved digit back to its original position, and wipes out 
the record mark. 

The fifth instruction, 49 19915, branches the com- 
puter back to 00000, and the next card is read. The P 
address is indirect ( 19915 ) — the field at 19915 was 
loaded by card columns 11-15. These columns are 
blank for all but the last card. Blank card columns read 
into core storage as zeros. 

Program Card Examples 

1-5 6-10 11-15 16-19 20-79 80 

00600 00660 Blank 1 Five instructions 4= 

00660 00720 Blank 2 Five instructions 4= 

00100 00160 Blank 3 Data for locations 100-159 4= 

Cards 1 and 2 are standard 5-per-card load cards. 
Card 3 loads 60 digits of the multiply table. 

Loading Record Marks 

1-5 6-10 11-15 16-19 20-79 80 
00800 00860 Blank 5 Five instructions 4= 
00811 00812 Blank 6 4= followed by blanks Blank 

Cards 5 and 6 show a method of loading a record 
mark between instructions. If a record mark is to be 
loaded to location 00811, the record mark in column 
31 of card 5 must be omitted because it would termi- 
nate the third load instruction too soon. The record 
mark is loaded by card 6. The instructions from card 
5 are loaded into 00800-00859. 



Patch Cards 

1-5 6-10 11-15 16-19 20-31 32 33-80 

00600 00612 Blank 7 A single 4= Blank 

instruction 

00700 00712 Blank 8 Instruction with Blank Blank 

4= in Q„ 

Cards 7 and 8 load single instructions. If there were 
patches to the program in cards 1 and 2, they would 
have to follow cards 1 and 2 in the program deck, 
though not necessarily directly behind cards 1 and 2. 

Last Program Load Card 

1-5 6-10 11-15 16-19 20-79 80 
19000 19060 00500 9 Five instructions 4= 

In this example, the loader stores the instructions in 
card 9 to locations 19000-19059 and then branches to 
00500 to start the program. A card like this is the last 
card of the program deck. It should follow all patch 
cards. 

Program Initialization 

To load and execute an initialization program (defin- 
ing fields, establishing constants, etc.) before loading 
the rest of the program, punch the starting address 
of the initialization program in columns 11-15 of its 
last program load card. Do not alter the loader ( loca- 
tions 00000-00060) while initializing. After initializa- 
tion, branch to 00000 and loading will resume. This 
allows the initialization program deck and the main 
program deck to be loaded as a single deck by a com- 
mon program loader. 

Alternative Read-in Area 

To use locations 00081-00160 as a program read-in 
area, the program in the loader should be changed to: 

36 00081 00500 25 00060 00090 31 00085 
00100 25 00090 00060 49 00095 

In the last program load card, columns 20-79 must 
contain the multiply table digits for locations 00100- 
00159, and columns 1-15 must contain 00100 00160 
xxxxx, where xxxxx is the address at which the program 
is to start. 
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